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Abstract 
Habitat Recovery GIS Toolbox for the Cleared Minefields of the Falkland Islands 
by 
Anthony M. Vazquez 
The conclusion of the Falklands War of 1982 left behind minefields scattered across 
the Falkland Islands. Clearance activities began in 2009 to remove the mines from these 
minefields. Despite most of the minefields in the Falkland Islands having been cleared of 
active landmines, the Falkland Islands Government has decided to keep the fences 
standing around the cleared minefields over concern for the recovery of the vegetation. 
The Falkland Islands Government needs to continue assessment until the recovery 
reaches an optimal point to remove the fences and reincorporate the cleared minefields 
into the commons of the Falkland Islands. 
The purpose of the project involved the development of a toolbox containing Python 
script tools functional in ArcMap to analyze the vegetation health and recovery process 
of the cleared minefields in the Falkland Islands. The purpose of the toolbox is to utilize 
GIS and remote sensing techniques to provide information to the Falkland Islands 
Government about each cleared minefield. Using the Normalized Difference Vegetation 
Index (NDVI) analysis on multispectral images, the toolbox would provide information 
regarding the amount of healthy vegetation contained within the cleared minefields and 
details on the process of recovery by comparing NDVI analyses performed on 
multispectral images taken at different dates. From the assessment provided by the 
Habitat Recovery Toolbox, the Falkland Islands Government can understand if a cleared 
minefield can have the fences removed, or if the cleared minefield still requires time to 
recover to an optimal point of healthy vegetation recovery.
 ix 
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Chapter 1  – Introduction 
Humanity has put pressure on the environment of the planet. Humanity’s destructive 
tendencies have affected the planet’s environment so much that recovery and 
management of the environment are difficult to maintain (Gregory, Ohlson, & Arvai, 
2006). The Falkland Islands are a British overseas territory located in the South Atlantic 
Ocean and east of South America’s Patagonian Shelf (Figure 1-1). The United 
Kingdom’s sovereignty over the Falkland Islands has been a source of conflict between 
Argentina and the United Kingdom for decades. An important part of the history of this 
conflict was the Falklands War of 1982. 
 
 
Figure 1-1: South America and the Falkland Islands 
The Falklands War involved the Argentinian Military seizing the Falkland Islands 
and the British Forces fighting to reclaim the territory. The British Forces had managed 
to expel the Argentinian Military, but the war left behind a remnant that would cause a 
significant impact on the natural environment of the Falkland Islands. As a defense 
strategy, the Argentinian Military established minefields to disrupt the British Forces. 
With unsuccessful attempts made to clear the minefields in the year following the 
conclusion of the war, the British Forces chose to discontinue the clearance of the 
minefields and establish fences around the minefields to ensure the safety of the Falkland 
Islands civilians (Mirchandani, 2010). 
In 2009, in accordance with the Ottawa Treaty, the United Kingdom chose to restart 
the minefield clearance operations in the Falkland Islands. As of the end of 2018, the 
operations had managed to clear nearly 80% of the minefields in the Falkland Islands. 
The efforts of minefield clearance left behind a huge impact on the tundra environment. 
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The removal of the vegetation and shifting of the soil to remove landmines left the 
cleared minefields barren. The concern the Falkland Islands Government (FIG) had about 
this was the effect this would have on the environment recovering in these cleared 
minefields. 
Chapter One continues into five separate sections. Section 1.1 will discuss the client 
for the project, and Section 1.2 will define the problem statement of the project. Section 
1.3 will propose the solution to the problem, while Section 1.4 will designate the 
audience intended for the project. Finally, Section 1.5 will summarize the entirety of the 
report. 
1.1 Client 
The client for the project was the Falkland Islands Government (FIG). It monitors and 
maintains the fence lines around the cleared minefields. Denise Blake, an Environmental 
Officer and Policy Advisor for FIG, was the point of contact for the project. Her 
responsibilities involved providing necessary data, establishing scope, and offering 
guidance on the workflow of the project. 
1.2 Problem Statement 
Determining whether a cleared minefield contains healthy vegetation and the rate of 
vegetation growth in a cleared minefield were the problems the project intended to solve. 
FIG wants these problems solved in hopes of removing the fencing lines around these 
cleared minefields and reincorporating the areas into the commons of the Falkland 
Islands. FIG has determined that removing the fence lines of the cleared minefields is 
dependent on proper analysis of the vegetation recovery.   
1.3 Implemented Solution 
An ArcMap toolbox with Python script tools to perform analysis provided the solution to 
the problem FIG has had with comprehending the environment. The tools analyzed the 
cleared minefields using multispectral images. The use of GIS and remote sensing 
techniques for analysis on the environment offered help for FIG to comprehend the 
environment of the cleared minefields. The analysis performed would involve the use of a 
vegetation index to determine the health of the vegetation within the cleared minefield. 
Vegetation indices involve the use of spectral bands and a method of calculation to 
provide a spectral transformation to understand the properties of the natural environment. 
Custom script tools designed to perform a specific vegetation index would offer insight to 
the user on the health of the cleared minefields vegetation and the recovery rate the 
vegetation is experiencing. 
1.3.1 Goals and Objectives 
The goal of the project was to find the healthy vegetation within a cleared minefield and 
know the growth rate of the vegetation. A GIS toolbox that used GIS and remote sensing 
techniques would need to be developed to achieve this goal. The objective of the project 
involved analyzing the cells of the satellite multispectral images to locate cells containing 
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healthy vegetation, recovering vegetation, and no vegetation. The next objective involved 
a comparison of the cells of the two satellite multispectral images taken at two different 
dates to determine the rates of change between the cells. 
1.3.2 Scope 
The eastern Falkland Islands and the Western Falkland Islands both contain cleared 
minefields. Figure 1-2 shows a map with both the clustered locations of the minefields 
and the number of clustered minefields in each of the locations.
 
Figure 1-2: Falkland Islands Map with Location and Total Number of Minefields 
The client chose to limit the study to the eastern Falkland Islands near the capital 
city, Stanley. Figure 1-3 shows the map of Stanley and the minefield polygons located 
around the city. 
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Figure 1-3: Stanley, Falkland Islands Map with Minefield Locations 
The study area of the cleared minefields around Stanley consisted of 71 cleared 
minefields. For sampling from the study area, the Acceptance Quality Limit (AQL) 
Standard of Sampling was applied to determine that 13 cleared minefields were needed 
for testing the Habitat Recovery Toolbox. Using the AQL Sampling & Acceptance Table, 
which was based on the United States defense standard for procedures of sampling by 
attributes, allows for knowing the total amount needed for performing a random sample 
on a study area and provides the number of failures allowed in performing analysis on the 
study area (Dodge, 2003). This U.S. defense standard for sampling was developed for the 
purpose of creating an objective measurement of quality in testing a sample based on 
attributes to find a level of acceptance and rejection (Broughton, 2015).  For this project, 
due to the number of cleared minefields near Stanley, AQL states that a single failure to 
perform analysis on the sample would mean the analysis has failed, and the usability of 
the analysis is considered substandard. Figure 1-4 shows the MIL-STD-105 sampling 
reference table, which the AQL Sampling Standard table was based on, which was the 
basis of the sampling standards used for this project. 
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Figure 1-4: The MIL-STD-105D Quick Reference Table  
To determine which of the minefields would be a part of this sample, the 71 cleared 
minefields were stratified using two techniques. The first stratification process involved 
finding the mean center of the polygons and determined quadrants based on the mean 
center. Following this, percentages were taken for the number of minefields within each 
quadrant. The next step in the stratification process involved determining the total area of 
each cleared minefield and separating the minefield sizes into four categories based on 
their logarithmic product. Applying these two stratifications helped in determining an 
accurate sample of the study area based on their area and their location. Figure 1-5 shows 
a map of Stanley with the cleared minefields chosen to be the sample for the Habitat 
Recovery Toolbox. 
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Figure 1-5: Cleared Minefields Study Area Map in Stanley, Falkland Islands 
The factors considered during the creation of the toolbox focused on the vegetation 
of a tundra climate environment, the boundaries of the minefield polygons, multispectral 
images, raster cell values, and the analysis operations executed for understanding the 
environment. The specialized tools’ outputs were determined with the client to include 
the vegetation health of a cleared minefield based on a multispectral image and the 
recovery rate the cleared minefield is experiencing based on the analysis of two 
multispectral images. 
1.3.3 Methods 
The Habitat Recovery Toolbox contained Python scripts. The Falkland Islands 
Government, United States Geological Survey (USGS), and Planet Labs were 
contributors to the data used in the project. Minefield polygons, the completion dates of 
the clearance activities for the cleared minefields, and the current clearance status of 
minefields were provided by FIG. The development of the tools in the Habitat Recovery 
Toolbox involved Esri software. 30-meter resolution multispectral images of the Falkland 
Islands were acquired from USGS. 3-meter resolution multispectral images of the 
Falkland Islands were acquired from Planet Labs. Analysis from the Habitat Recovery 
Toolbox utilized the vegetation index, the Normalized Difference Vegetation Index 
(NDVI). NDVI is a ratio formula that quantifies the vegetation health from a 
multispectral image by measuring the difference between the near-infrared spectral band, 
which vegetation reflects strongly, and the red spectral band, which is absorbed by 
vegetation. 
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1.4 Audience 
The audience for the project report includes environmental recovery professionals. The 
basic knowledge of GIS and remote sensing are assumed to understand the technical 
portions of this report. Although, the chapter will include an explanation of the technical 
aspects in greater detail.  
1.5 Overview of the Rest of this Report 
The project report has been organized to include six more chapters that will further 
explain the project. Chapter Two discusses the background research for the project and 
details the information that directed the execution of the project. Chapter Three explains 
the development process for the custom habitat recovery toolbox; this chapter will 
include the requirements of the analysis, the design of the custom toolbox, and the project 
plan. Chapter Four includes the methods of collections and storage of the data involved 
with the project. Chapter Five shows the information gathered from the implementation 
of the custom habitat recovery toolbox, while Chapter Six will examine the analysis 
performed and discuss the results of Habitat Recovery Toolbox on the cleared minefields 
study area. Finally, Chapter Seven is the conclusion and will discuss future work for the 
completed project.  
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Chapter 2  – Background and Literature Review 
The management of environmental recovery following a disturbance requires careful 
steps in planning and execution. A variety of environmental factors are taken into 
consideration to validate that the recovery process is appropriately maintained and 
efficiently executed, especially in the case of unexploded ordnances. Completing the 
project involved comprehending the research on topics related to the environmental 
impact of landmines and landmine removal, the development of environmental recovery 
processes, and the application of GIS and remote sensing for managing environmental 
recovery. 
This literature review presents three critical topics related to environment recovery 
following a disturbance. Section 2.1 discusses environment recovery in the specific 
tundra climate classification and in areas where minefields were present. Section 2.2 
details the use of spatial technologies for planning and managing an environment’s 
recovery process. This section also focuses on the use of vegetation indices in remote 
sensing to understand the environment’s vegetation health. 
2.1 Environmental Recovery 
The environment recovery of an area involves understanding the factors that relate to the 
climate the area experiences (Vellend, 2003). These next subsections will focus on 
environment recovery in tundra climate areas and the environment recovery in areas 
disturbed by landmines. 
2.1.1 Disturbances and Environmental Recovery in Tundra Climate Areas 
Tundra climates have a unique influence on the ecology of tundra regions. In tundra 
climates, the low temperatures and short growing seasons affect the recovery process of 
the vegetation by limiting the growth process to be much slower compared to other 
climates (Köppen, Volken, & Brönnimann, 2011).  Studies on the vegetation growth in 
tundra regions have shown that recovery efforts are possible. The possibility of 
vegetation recovery in these regions is best illustrated in studies related to the 
environment recovery in other tundra climate environments. The following studies also 
explain that the growth rate response is challenging and can vary depending on the region 
and disturbance. 
 In the Northwest Territories of Canada, a study was put together discussing 
environment recovery following the overgrazing of caribou in the Rideout Island. 
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Figure 2-1: Map of Rideout Islands, Bathurst Inlet, Northwest Territories. 
The focus of the study involved the vegetation recovery in these overgrazed regions 
of Rideout Island. Research performed on these regions following the time of the 
disturbance lead to the conclusion that the recovery process would take an estimated 
twenty years (Henry & Gunn, 1991). These results proved that, despite the disturbance, 
the ecology maintained a growth rate response appropriate to their tundra environment 
climate. 
Forest fires are a severe disturbance in any environment. In the case of tundra 
environments, forest fires can cause a significant impact on the ecology. In northwestern 
Alaska, the environment experienced forest fires, which lead to the research on the 
growth rate of the vegetation. Figure 2-2 shows northwestern Alaska focusing on the 
tundra fire study, which had its vegetation recovery monitored from 1977 to 1983 
(Racine, Johnson, & Viereck, 1987). 
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Figure 2-2: Map of Tundra Fire Study Area in Northwestern Alaska. 
Comprehending the severity of the disturbance involved evaluating the vegetation, 
soil, and permafrost. The research concluded that the vegetation growth response began 
shortly after the fire and proved that the ecology of the region could handle the 
disturbance caused by fire (Racine, Johnson, & Viereck, 1987). 
2.1.2 The Impact of Landmines on an Area’s Environmental Recovery 
Landmines can cause significant impact both within and around an environment. The 
disturbance caused by landmines limits access to natural resources, depletes biological 
diversity, and disrupts the soil and water processes within the environment (Leaning, 
2000). Landmine removal can alleviate these environment disturbances, but landmine 
clearance presents other environmental disturbances. An environment assessment can 
help in providing information for landmine clearance activities by offering insight on 
how to minimize the disturbance caused to a region. An environment assessment would 
establish the levels of disturbances allowed in landmine clearance operations (Armitt & 
Turner, 2017). This assessment should also explain the conservation methods and 
management for an area affected by the landmine removal process (Pedersen, Nyhuus, & 
Blindheim, 2004). 
A landmine’s intended purpose can cause devastation to an environment. Landmines 
can introduce poisonous substances into the environment, which can seep into the 
surrounding soil and water (Gangwar, 2003). The poisonous substances include the 
chemicals used to cause the explosion and disintegrating metal of the landmines. 
Landmine removal can remedy the contamination of the natural environment from 
the sitting landmines. Landmine removal can cause other disturbances on the 
environment. Manual clearance, metal detectors, and animal detection are processes of 
landmine removal that involve very little disturbance on the environment (GICHD, 
2014). Excavation and the use of machinery are processes of landmine removal that can 
cause significant disturbances on the environment (Chun, Lye, & Weng, 2009).  
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Figure 2-3: Mechanical Demining Action. 
Environmental assessment performed before a landmine clearance operation can 
explain the level of disturbance a region should experience and evaluate the recovery 
process following the completion of the operations (Hoffman & Rapillard, 2015). The 
purpose of these guidelines allows for preserving as much of the environment as possible 
to increase the vegetation growth rate in the areas that experienced disturbances. 
2.2 GIS and Remote Sensing Applied to the Environment 
The use of GIS and remote sensing in environment recovery allows for management and 
analysis of the environment. GIS and remote sensing are used for large varieties of spatial 
data to be analyzed. Environment recovery benefits from implementing GIS and remote 
sensing due to their ability to apply analyses to help manage an environment’s dynamic 
structures (Salem, 2003). Understanding an environment’s vulnerabilities can be 
processed and explained using GIS (Nagendra, et al., 2013). 
2.2.1 Vegetation Indices 
 The use of GIS and remote sensing on the ecology of an environment can yield 
important data for research. Remote sensing allows for insight on the subtleties of 
environmental monitoring, biodiversity conservation, and other related topics around the 
analysis of the environment (Xue & Su, 2017). Remote sensing usually involves the use 
of passive sensors acquiring information from multispectral image data (Carrasco-
Benavides, et al., 2012). Vegetation indices are a critical analysis performed through 
remote sensing. Vegetation indices involve the spectral transformation of two or more 
bands and can benefit research related to agricultural management (Pinter, Hatfield, 
Schepers, Barnes, & Moran, 2003), vegetation classification (Lloyd, 2007), biodiversity 
assessment (Pettorelli, et al., 2016), and other forms of research involving environment 
monitoring. 
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2.2.2 Normalized Difference Vegetation Index 
 The Normalized Difference Vegetation Index (NDVI) is one of the most commonly used 
vegetation indices applied in remote sensing for environment analysis (Rouse, Haas, 
Schell, & Deering, 1974). 
 
Figure 2-4: Global Map of Normalized Difference Vegetation Index (NDVI) 
NDVI is a local function normalized ratio between the red and near-infrared bands of 
the electromagnetic spectrum for each pixel contained within a multispectral image 
(Equation 2.1). 
 𝑁𝐷𝑉𝐼 =
𝑁𝑒𝑎𝑟𝐼𝑛𝑓𝑟𝑎𝑟𝑒𝑑−𝑅𝑒𝑑
𝑁𝑒𝑎𝑟𝐼𝑛𝑓𝑟𝑎𝑟𝑒𝑑+𝑅𝑒𝑑
 (2.1) 
The ratio produces values within a range of -1 to 1 (Tucker, 1979). When a raster is 
created containing these values in their appropriate cells, the cell values represent types 
of landcover in the multispectral image. Raster cells containing water and clouds show 
negative values. Raster cells containing soil or rocks have values close to zero. Raster 
cells containing vegetation have values that are greater than zero (Neigh, Tucker, & 
Townshend, 2007).      
Since 1973, ecological research has benefited from the use of NDVI. The versatility 
of the vegetation index has allowed for advancements in environment monitoring and 
biodiversity management (Neigh, Tucker, & Townshend, 2007). A small-scale project 
involving large areas of land with data spanning multiple years has shown to use NDVI 
to manage an environment (Thakur, Srivastava, Singh, & Vekerdy, 2012). Large-scale 
research involving small areas of land with data limited to only a single point in time 
have implemented NDVI to understand the characteristics of the environment (Halabuk, 
Mojses, Halabuk, & David, 2015). NDVI has also benefited ecological research for its 
ability to monitor the growth of the vegetation response rate from spatial comparisons 
(Myneni, Los, & Tucker, 1996). NDVI’s capabilities allow for mapping, assessing, and 
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predicting the impact of disturbances on an environment (Prince, Becker-Reshef, & 
Rishmawi, 2009). 
2.3 Summary 
This chapter explained the background research that was reviewed to form the basis of 
knowledge for the project. The chapter began by explaining environment recovery in 
regions similar to the Falkland Islands. Discussions on the impact landmines can have on 
an environment were also explained in this section. The next section of the chapter 
involved the utilization of GIS and remote sensing for understanding an environment. 
This section also discussed remote sensing applying vegetation indices analysis on the 
environment and the capabilities of NDVI for analysis. 
Environments are susceptible to disturbances and natural changes occurring. 
Management of the environment can allow for understanding the intricacies of the 
recovery process following a disturbance. In the Falkland Islands, environmental 
assessment mitigated unnecessary disturbances during the landmine clearance of the 
minefields. The Falkland Islands Government must now utilize GIS and remote sensing 
to benefit the management of their environment. 
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Chapter 3  – Systems Analysis and Design 
Chapter Three will detail the systems analysis and design for the project. This chapter 
will discuss the established project requirements and the implementation of the system 
design. Section 3.1 will discuss the problem of the project, and Section 3.2 will explain 
the client’s project requirements. Section 3.3 will detail the overall system design, while 
Section 3.4 focuses on the project plan and the changes it has undergone while in the 
development process. Section 3.5 will summarize both the system design and analysis.  
3.1 Problem Statement 
The Falkland Islands Government (FIG) needed to determine the health and rate of 
recovery for the vegetation in the cleared minefields located near the capital city, Stanley. 
As FIG continues to clear minefields across the islands, the impact of the clearance 
activities on the environment has been a concern. Currently, fence lines around these 
minefields remain standing to deter civilians from damaging the recovering vegetation. 
FIG hopes that by understanding the environment of these cleared minefields, it will help 
determine when it is optimal to remove the fences and reincorporate these areas into the 
commons of the Falkland Islands. The project sought to use GIS and remote sensing to 
help understand the vegetation health within the cleared minefields. 
3.2 Requirements Analysis 
The deliverable for the project was a custom GIS toolbox containing script tools for 
producing two specific outputs. The first output would analyze the health of the 
vegetation within a minefield, and the second output would determine the rate of 
recovery a minefield’s vegetation is experiencing. The project deliverable, called the 
Habitat Recovery Toolbox, would consist of script tools. The purpose of the deliverable 
would allow for a condensed geoprocessing analysis to be used repeatedly for each of the 
minefields. Table 3-1 details the functional and non-functional requires of the Habitat 
Recovery Toolbox. 
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Table 1. Project Requirements 
Deliverables Requirements 
Functional or        
Non-Functional 
Requirements 
Habitat Recovery 
Toolbox 
The tools work 
correctly 
 
The tools produce 
consistent results 
 
The tools are 
organized 
 
The tools include 
instructions 
 
The tools have 
metadata 
Functional 
Requirement 
 
Functional 
Requirement 
 
Non-Functional 
Requirement 
 
Non-Functional 
Requirement 
 
Non-Functional 
Requirement 
 
The functional requirements for the Habitat Recovery Toolbox focused on each of 
the tools in the toolbox. These tools would work correctly, and the results produced were 
consistent in the analysis they performed. The non-functional requirements for the 
Habitat Recovery Toolbox involved the tools organized in sequential order the user 
would understand, the instructions for their use was understandable, and the metadata 
was filled out for a user to understand the functionality of each tool. 
3.3 System Design 
Four components were involved in the structure of the system design for this project. A 
multispectral image with a minimum of at least the red spectral band and the near-
infrared spectral band was the first input required. A shapefile of the minefield was the 
second input a user was required to enter as input for the toolbox. When the tool accepted 
the given inputs, multiple geoprocessing functions run sequentially. The first output 
created a raster of the Normalized Difference Vegetation Index (NDVI) for the 
multispectral image inside the minefield polygon. The second output from the 
geoprocessing function was a classification of the raster cell values contained within the 
minefield polygon. Breakpoints for the raster cell ratio values calculated from NDVI 
would determine the classification. Figure 3-1 details the order of the first tool’s process. 
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Figure 3-1: Diagram of the Assess Recovery Tool 
The NDVI Classified raster of the cleared minefield explains which cells in the minefield 
contain healthy vegetation, cells with vegetation in the process of recovery, and cells that 
are lacking vegetation.  
The second tool requires that the first tool be used on the same minefield polygon 
but with multispectral images from two different dates. The inputs for the second tool are 
two NDVI minefield rasters, which are compared by performing a difference and 
classifying the result into cells that show improvement, cells that show deterioration, and 
cells that show no significant change. The output would give the user an understanding of 
the rate of recovery within the minefield based on the time difference between the two 
multispectral images. Figure 3-2 explains the second tool’s process. 
 
Figure 3-2: Diagram of the NDVI Comparison Tool 
3.4 Project Plan 
The project plan consisted of four phases. The four phases were Acquiring Data, 
Analysis, Habitat Recovery Toolbox Development, and Testing the Tools. Table 2 
explains the original project plan for the project. 
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Table 2. Project Plan 
Acquiring 
Data 
Analysis Habitat Recovery 
Toolbox 
Development 
Testing 
Choose the 
Necessary 
Data 
Define Study Area 
- Location near 
Stanley 
- Location-based on 
Mean Center 
- Size of the 
Minefields 
Choose the 
Geoprocessing 
Tools for Analysis 
Test Both of the 
Tools in the 
Toolbox 
Collect Data Determine Vegetation 
Index 
- Normalized 
Difference 
Vegetation Index 
Develop a Model 
for Performing 
Analysis 
Test for Individual 
Minefield Polygon 
Organize Data Determine Classification 
for NDVI 
- Barren/Soil (-1.0 to 
0.094) 
- Recovering (0.095 
to 0.195) 
- Grassland/Shrubs 
(0.196 to 1.0) 
Migrate Model into 
Python Script Tool 
for ArcMap 10.x 
Test for Multiple 
Minefield Polygons 
Prepare Data Determine Methods of 
Comparison Analysis 
- Difference 
- Classification 
>      Deterioration 
        (-1000 to -21) 
>      No Significant  
        Change 
        (-20 to 20) 
>      Improvement 
        (21 – 1000) 
Repeat Model 
Development and 
Migration of Model 
to Script Tool for 
Second Tool 
Test for Entire 
Study Area 
Minefield Polygons 
 
The deliverable expected for the project plan was a single Habitat Recovery Tool. 
The Habitat Recovery Tool was planned to be a single script tool. The script tool was to 
be created using Python and functional for use in ArcMap 10.x. 
Throughout the process of working on the project, the Habitat Recovery Tool 
experienced revisions and modifications. As details about the project became clearer, the 
Habitat Recovery Toolbox experienced important and necessary changes. The creation of 
a single tool would not be possible for the project. Instead, the development of a series of 
custom script tools became a priority for the project. This change led to the project 
shifting from the creation of a single tool to multiple tools compiled in a toolbox. After 
discussing the change to the project with the client, the decision lead to the project 
focusing on the development of the toolbox, named the Habitat Recovery Toolbox. The 
Habitat Recovery Toolbox would benefit the client to both understand and manage the 
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environment of the cleared minefields through different applications of geoprocessing 
analysis. 
The development phase took the most amount of time for the project. While planning 
for the project focused on the creation of two tools, the planning did not account for 
utilizing the created tools into other script tools that would perform both analyses 
sequentially. The development phase experienced a greater amount of time and effort put 
into it due to the development of expanding these tools’ purposes for the Falkland Islands 
Government.  
3.5 Summary 
In summarizing Chapter Three, a custom toolbox containing script tools for analysis was 
created to aid FIG in their efforts to understand the environment of the cleared 
minefields. The project plan experienced changes throughout the development of the 
project. These changes were necessary and still met the requirements established by the 
client. Chapter Four will explain the data acquired and the database design created for the 
project. 
21 
Chapter 4  – Database Design 
Chapter Four explains the conceptual data model and logical data model for the project. 
This chapter discusses the data sources and the process of data collection. Section 4.1 
describes the conceptual data model and outlines the database for the project. Section 4.2 
details the creation of the logical data model while explaining how the conceptual model 
helped form the logical data model. Section 4.3 discusses the data sources for the project, 
and Section 4.4 summarizes the chapter. 
4.1 Conceptual Data Model 
The conceptual data model explains the entities and their relationships for solving 
problems. The entities are linked through relationships to reach the project solutions and 
determine the outputs. 
To determine the study area for the project, the entities involved include the area of 
the cleared minefields, the location of the polygons related to their mean center, and their 
location near the capital city, Stanley. The entities of area, the mean center, and Stanley 
are connected to the study area, as seen in Figure 4-1. In that regard, the study is was 
linked to these three entities to form a one-to-many relationship. 
  
Figure 4-1: Conceptual Model of Study Area 
Figure 4-2 depicts the relationship between the NDVI analysis and the entities 
involved with achieving the output. The first two entities involve the multispectral 
images and the minefield polygons. The minefield polygon shared a relationship with the 
study area. The study area was categorized based on the total area of a minefield, and the 
quadrant location of the minefield. Each of the entities involved contained multiple 
features, and the study area consisted of polygons. The relationship shared between 
NDVI analysis, and the entities were many-to-many. 
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Figure 4-2: Conceptual Model of NDVI Analysis 
Figure 4-3 shows the relationship between the NDVI comparison, the output entities 
provided, and the input entities required. The NDVI comparison has a many-to-one 
relationship to the input entities, which are the two NDVI analyses. The input entities 
have a one-to-one relationship to the date of the multispectral images. NDVI comparison 
has a one-to-many relationship with three output entities. These three output entities are 
the categories of comparison, which are Improvement, No Significant Change, and 
Deterioration. 
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Figure 4-3: Conceptual Model of NDVI Comparison 
4.2 Logical Data Model 
The conceptual models are the blueprints to develop the database structure. The logical 
database model involves incorporating the conceptual model into a physical database. A 
file database was used to store the project data and provide access to the data for the user. 
The file database consisted of five files: a Multispectral Images file, a Minefield 
Polygons file, an NDVI Analysis file, a Recovery Assessment file, and an NDVI 
Comparison file. 
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Table 3. File Database 
File Name Preferred Stored 
Data 
Relation to 
Toolbox 
(Input or Output) 
Tool Related to File 
Multispectral 
Images 
Multispectral 
Images containing 
at least RGB and 
Near-Infrared 
Bands 
Input Assess Recovery 
Tool 
Minefield Polygons Polygon Shapefile 
or Feature Dataset 
Input Assess Recovery 
Tool 
NDVI Analysis Raster Dataset Output Assess Recovery 
Tool 
NDVI Classified Raster Dataset Output Assess Recovery 
Tool 
NDVI Analysis Raster Dataset Input Compare NDVI Tool 
NDVI Comparison Raster Dataset Output Compare NDVI Tool 
 
Table 3 explains how these files interact with the toolset. The file database for the 
project allowed for an organized format to store the data and information required for 
analysis. The Multispectral Image file contained the multispectral images needed as input 
for the first tool. The Minefield Polygon file contained the minefield polygons listed as 
“cleared” and stored each polygon individually. The NDVI Analysis file was used to 
store the NDVI analysis generate by the Assess Recovery tool. This NDVI analysis 
output saved in this file would be the input for the second tool, the NDVI Comparison 
tool. The Recovery Assessment file contained the NDVI Classified output of the Assess 
Recovery tool. Lastly, the NDVI Comparison file stored the output created by the NDVI 
Comparison tool.  
4.3 Data Sources 
There were two main contributors to the data utilized in this project. The Falkland Islands 
Government (FIG) provided the minefield polygons created in October 2018. This data 
included 119 polygons that were spread out across both the western Falkland Islands and 
the eastern Falkland Islands. FIG had classified the 119 polygons into three categories 
based on their clearance levels. The polygon clearance level classifications consisted of 
Cleared areas, Minefields, and Suspect. Of the 119 polygons, FIG listed six as Suspect, 
16 as Minefields, and 97 as Cleared areas. FIG chose a study area near the capital city of 
Stanley. Of the 73 polygons around Stanley, FIG listed two as Suspect and 71 as Cleared 
areas. 
Planet Labs provided the multispectral images, which had a three-meter resolution. 
These multispectral images contained four spectral bands (blue, green, red, and near-
infrared). Planet Labs provided multiple multispectral images that were taken in 
November 2017 and in November 2018. These dates were chosen to avoid cloud cover in 
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the images. Acquiring the Planet Labs multispectral images involved signing up for their 
student research program. Planet Labs provided a disclaimer stating that access to their 
multispectral images should only be for research purposes. 
For this reason, the client did not receive the Planet Labs multispectral images. The 
use of the multispectral images was only for testing the tools during the development of 
the Habitat Recovery Toolbox. Due to the legality of the situation, this left the 
Multispectral Image file, NDVI Analysis file, Recovery Assessment file, and the NDVI 
Comparison file to contain no data. The file database was still given to FIG to maintain 
the structure of the management used for the project. 
Table 4. Data Provided for Project 
Data Type (name) Attribute Used for 
Analysis 
Data Format Source 
Minefields 
(October 2018) 
Location  
(clipped for 
analysis extent) 
Vector 
(Polygon) 
Falkland Islands 
Government 
Multispectral 
Images 
(November 2017, 
November 2018) 
Raster Values 
(values calculated 
for analysis) 
Raster 
(Includes Data for 
Non-visible Light 
Spectrum) 
Planet Labs, Inc. 
4.4 Summary 
The data provided was essential for the success of the project. Accessibility and 
management of the data was a priority when considering the methods of organization and 
storage. The project used a file database to contain the data, and the appropriate metadata 
allowed for the validity of the data used for the project. Chapter Five explains the 
implementation of the project plan into the Habitat Recovery Toolbox. Each of the topics 
mentioned in the prior chapters validates the process of implementation, development, 
and testing performed for the project. 
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Chapter 5  – Implementation 
Chapter Five explains the implementation of the project plan into the development of the 
Habitat Recovery Toolbox to meet the deliverable requirements for the client. The tools 
in the toolbox were developed using Modelbuilder and Python script. The tools’ purposes 
involved the analysis of the health of the vegetation within a cleared minefield and the 
use of that analysis with an analysis involving another multispectral image to determine 
the progress of recovery in a minefield. Using minefield polygons and multispectral 
images allowed for the analysis to be possible. 
5.1 Inputs, Outputs, and the Storage for the Habitat Recovery Toolbox 
The first part of the project involved organizing the data necessary for use with the 
Habitat Recovery Toolbox. The minefield polygon shapefiles were stored individually 
based on their name in the minefield polygon file. The minefield polygons stored in this 
file were the ones chosen for the study area based on stratification of their location to the 
mean center of the 71 cleared area minefield polygons near Stanley and the total area of 
each minefield polygons. The minefield polygons were SA28, SA32, SA50, SA52, SA54, 
SA59, SA73, SA79, SA86, SA96, SA102, SA111, and SA113. Figure 5-1 shows the 
location of the minefield polygons in Stanley, Falkland Islands. 
 
Figure 5-1: Map of Study Area in Stanley, Falkland Islands 
The Falkland Islands Government provided the minefield polygons, which were 
created in October of 2018. The multispectral image folder contained the multispectral 
images, and these images contained four analytic bands of blue, green, red, and near-
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infrared at a resolution of three meters. Planet Labs Inc provided these multispectral 
images. Each multispectral image was placed in a separate file; these files were named in 
conjunction with the date each image was taken. These two datasets would act as the user 
input for the Habitat Recovery Toolbox. 
The next part of the project included creating the files that would hold the outputs 
produced by each tool in the toolbox. The output that was provided by the tools dictated 
the names of the files. The files were named the NDVI analysis file, the NDVI classified 
file, and the NDVI comparison file. The Habitat Recovery Toolbox tools would request 
the user to specify these files as the location for the outputs. The tools would also request 
the user to name each of these outputs. The creation of the separate files and requesting 
the user to name the outputs maintained the organization of the data and information 
throughout the analysis. 
The Habitat Recovery Toolbox consisted of two tools. The first tool was the Assess 
Recovery tool, and the second tool was the NDVI Comparison tool. These tools were 
named appropriately based on the analysis and output they would provide the user. These 
processes will be discussed further in the following section. 
5.2 The Habitat Recovery Toolbox Tools 
The Habitat Recovery Toolbox originally consisted of two tools, the Assess Recovery 
tool and the NDVI Comparison tool. During the development process of the project, it 
was decided that the best course of action would be to develop two more tools that 
performed both analyses of the two separate tools and involved variable inputs of either a 
single minefield polygon or multiple minefield polygons. The following subsections will 
detail the process of each of these tools. 
5.2.1 Assess Recovery Tool 
The Assess Recovery tool requires the user first to input a minefield polygon and a 
multispectral image. The first part of the tool’s geoprocessing performs a clip on the 
portion of the multispectral image contained within the minefield polygon. The second 
part uses the Make Raster Layer geoprocessing tool to separate the bands of the clipped 
minefield multispectral image. The third part of the tool involves taking the red band 
(band 3) and the near-infrared band (band 4) and performs the algorithm of NDVI. In this 
algorithm, the raster values of the near-infrared band are subtracted from the raster values 
of the red band. Then the raster values of the near-infrared band were added to the raster 
values of the red band. The next step involves converting both results into a floating-
point representation. The difference between the bands is then divided by the sum of the 
bands. This process occurs for each corresponding raster cell between the two bands. The 
result of this process creates a raster of the algorithm’s ratio product. The product of the 
NDVI algorithm, an NDVI raster, is the first output for the tool. The second tool in the 
Habitat Recovery Toolbox requires this output. Figure 5-2 shows an example of the 
NDVI analysis raster generated on cleared minefield SA54. 
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Figure 5-2: SA54 NDVI Analysis Raster Nov. 2017 and Nov. 2018. 
The Assess Recovery tool continues by classifying the values of the NDVI raster 
based on breakpoints of barren/soil, recovering, and shrub/grassland. Figure 5-3 shows an 
example of the classified NDVI analysis raster generated on cleared minefield SA54.  
 
Figure 5-3: SA54 Classified NDVI Analysis Raster Nov. 2017 and Nov. 2018. 
The range of values for determining these classifications was specific to tundra 
environments. The process of classifying is achieved by first converting the floating-point 
values of the NDVI raster into whole numbers by multiplying them by 1,000 and 
trimming the decimal portion. Changing the values into integers allows for the raster to 
be configurable in the attribute table. The barren/soil classification was determined to be -
1,000 to 94. The recovering classification was chosen to be 95 to 195. The 
shrubs/grassland classification range was 196 to 1,000. Table 5 details the NDVI analysis 
classification ranges utilized for the tool. 
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Table 5. NDVI Analysis Ranges for Project 
Classification of 
NDVI 
Original NDVI 
Value Range 
NDVI Value 
Range Multiplied 
by 1,000 (for Int) 
Barren/Soil  
(-1) 
-1 – 0.094 -1,000 – 94  
Recovering 
Vegetation 
(0) 
0.095 – 0.195 94 – 195  
Shrubs/Grassland 
(1) 
0.196 – 1 196 – 1,000 
 
 The two outputs provided to the user include an NDVI analysis of the minefield 
and a classified raster NDVI to areas of healthy vegetation, recovering vegetation, and 
areas that are lacking vegetation. The process for this first tool should be performed a 
second time using the same minefield polygon but a different multispectral image. The 
NDVI raster output done from this second analysis will be used with the next tool. 
5.2.2 NDVI Comparison Tool 
The NDVI Comparison tool requires the user to input two NDVI rasters. The two NDVI 
rasters should be from the same minefield polygon, but the multispectral image used to 
calculate the NDVI raster should be different. The first input required by the user is the 
NDVI raster of a multispectral image taken at the most recent date. The second input is 
the NDVI raster of a multispectral image taken at the least recent date. The tool’s purpose 
is to find the difference between the two NDVI rasters to help in the analysis of the 
vegetation recovery of these areas. Figure 5-3 shows an example of the output from the 
NDVI Comparison tool performed by comparing the NDVI analysis rasters of SA79. 
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Figure 5-4: SA79 Classified NDVI Comparison Analysis Raster. 
The tool begins by performing subtraction of the raster values in the first NDVI 
raster from the second NDVI raster. The tool then begins the process of classifying the 
changes between the change between the NDVI rasters from the subtraction result. The 
classifying began by multiplying by 1,000, so each raster cell value contains a whole 
number. The floating-point values of the raster cells were converted into integer values. 
The tool then classifies the values of this new raster into three categories: deterioration, 
no significant change, and improvement. The value range for deterioration is determined 
to be 1,000 to -21. The value range for no significant change is to be -20 to 20. The value 
range for improvement is determined to be 21 to 1,000. The result from the second tool 
shows the recovery process a minefield is experiencing based on the NDVI analysis taken 
at two different dates. Table 6 details the NDVI comparison classification ranges utilized 
for the tool. 
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Table 6. NDVI Comparison Ranges for Project 
Classification of 
NDVI 
Original NDVI 
Subtraction Value 
Range 
NDVI Subtraction 
Value Range 
Multiplied by 
1,000 (for Int) 
Deterioration 
(-1) 
-1 – -0.021 -1,000 – -21  
No Significant 
Change 
(0) 
-0.02 – 0.02 -20 – 20 
Improvement 
(1) 
0.021 – 1 21 – 1,000 
5.2.3 Individual Environment Analysis Tools for Single or Multiple Minefields  
After testing these tools, the project plan was changed to create another a pair of tools 
that would perform both the geoprocessing abilities of both tools together. The first new 
tool added was the Environment Analysis for a Single Minefield tool. The second new 
tool added was the Environment Analysis for Multiple Minefields tool. Both of the new 
tools perform both of the geoprocessing of the first two tools. The difference between the 
tools is the user’s choice of analyzing one minefield or multiple minefields. The 
Environment Analysis for a Single Minefield tool requires the user to input a single 
minefield polygon, a multispectral image from the most recent data, a multispectral 
image from the least recent date, and the name and location for NDVI raster output, the 
NDVI classified output, and the NDVI comparison output. The tool’s analysis performs 
the same geoprocessing methods as the first two tools sequentially. The output from the 
geoprocessing also produces the same output as the first two tools. 
The Environment Analysis for Multiple Minefield tool requires the same inputs as 
the previous tool, but the user input for the minefield is a list that can contain multiple 
polygons. The tool’s analyses begin first by creating a geometric union between the 
multiple polygons inputted by the user. The tool takes the multiple minefield feature class 
created by this union and begins performing the same analysis and providing the same 
outputs as the previous tool. 
The deliverable for the project was to create tools to analyze the vegetation within a 
minefield and analyze the recovery process of a minefield’s vegetation. The tools 
developed to provide multiple routes to achieve understanding the vegetation. Through 
NDVI, the tools can perform analyses and interpret the analyses to assess a minefield 
following the disturbance caused by minefield clearance. 
5.3 Summary 
This chapter explained how the deliverables were achieved to meet the client’s 
expectations for the project. The first deliverable, the analysis of the environment within 
a cleared minefield, was made possible through the development of a tool that could use 
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NDVI to determine where there were areas of healthy vegetation, areas of recovering 
vegetation, and areas lacking vegetation. The second deliverable, the analysis of the 
recovery process occurring within a cleared minefield, was accomplished through the 
creation of a tool that could compare two NDVI analyses performed on the same 
minefield but with multispectral images from different dates. The next chapter will 
discuss the testing process that occurred to ensure the tools worked accurately, the 
problems found during the project’s lifecycle, and suggested methods of improving the 
analysis that was outside of the scope of this project.
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Chapter 6  – Results and Analysis 
Chapter Six explains the analysis and results of the project. The chapter will explain the 
process of using the tools with the cleared minefields study area and how these results 
reflected the recovery process experienced within the cleared minefields. The chapter will 
also detail the necessary changes made during the process of development and testing for 
the project. 
The following sections detail the use of the tools on each of the cleared minefield 
polygons in the study area. To reiterate, the cleared minefields in the study area used for 
analysis were SA28, SA32, SA50, SA52, SA54, SA73, SA79, SA86, SA96, SA102, 
SA111, and SA113. Each tool in the Habitat Recovery Toolbox analyzed these minefield 
polygons. The first section discusses the use of the Assess Recovery tool, and the second 
section explains the use of the NDVI Comparison tool. The third section details the 
purpose for and the use of the Environment Analysis for a Single Minefield tool, and the 
fourth section will provide reasoning for the implementation of the Environment Analysis 
for Multiple Minefields tool. The assessments gathered from the analysis provided by 
these tools do not reflect the assessment of the Falkland Islands Government. Rather, the 
assessments made in the following sections reflect the analysis performed by the 
toolbox’s analyses. 
6.1  Analysis and Results of the Assess Recovery Tool 
The inputs required by the Assess Recovery tool included each of the minefield polygons 
from the study area along with a multispectral image. The first multispectral image used 
for this analysis was taken on November 26, 2017, and the second multispectral image 
for the analysis was taken on November 2, 2018. The results of the tool were a raster of 
the NDVI analysis and a raster of the classified NDVI analysis. The NDVI analysis raster 
outputted by the tool was later used with the Compare NDVI tool in the next section. The 
Asses Recovery tool’s analysis categorized the raster cells in the NDVI analysis raster to 
a cell representing Shrub/Grassland with 1, Recovering with 0, or Barren/Soil with -1. By 
reviewing the analysis made for each of the study areas cleared minefield polygons with 
both multispectral images, the assessment involved understanding the cleared minefields 
that were experiencing significant progress in recovery, average progress in recovery, and 
minimal progress in recovery. Table 7 categorizes the minefields based on the assessment 
of their recovery progress to reach optimal NDVI values related to the Shrub/Grassland 
classification. 
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Table 7. Cleared Minefields with Shrub/Grassland Raster Values 
Significant Progress 
(> 50% 
Shrub/Grassland by 
November 2018) 
Average Progress 
(50% - 25% 
Shrub/Grassland by 
November 2018) 
Minimal Progress 
(< 25% 
Shrub/Grassland by 
November 2018 
SA28 SA54 SA32 
SA50 SA59 SA52 
SA79 SA86 SA73 
SA102  SA96 
SA113  SA111 
 
The cleared minefields categorized in the significant progress column showed large 
increases in the percentage of Shrub/Grassland raster cells with small percentages of 
raster cells classified as Barren/Soil from the analysis of the November 2018 
multispectral image. The exception to this category was SA79, which showed a 
percentage increase in Barren/Soil raster cells, yet contained the second-highest 
percentage of Shrub/Grassland cells. Figure 6-1 provides a map showing the two NDVI 
analysis rasters generated for SA79. 
 
Figure 6-1: SA79 Classified NDVI Analysis Nov. 2017 and Nov. 2018. 
 The cleared minefields categorized in the average progress column showed 
percentage increases in their Shrub/Grassland raster cells, percentage decreases in their 
Recovery raster cells, and the percentage decreases in their Barren/Soil cells. Lastly, the 
cleared minefields categorized in the minimal progress column showed percentage 
increases in their Shrub/Grassland raster cells, percentage increases in the Recovering 
raster cells, and percentage decreases in their Barren/Soil cells. Appendix B further 
details the raster cell counts and percentages gathered from the tool’s analyses. 
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6.2 Analysis and Results of the NDVI Comparison Tool 
Continuing into the next tool in the Habitat Recovery Toolbox, the NDVI Comparison 
tool required the input of both the November 2017 and November 2018 NDVI analyses 
of each cleared minefield polygon. The NDVI Comparison tool subtracted each raster 
cell in the November 2017 NDVI analysis raster from the corresponding raster cell in the 
November 2018 NDVI analysis raster. A new raster was created with the raster value 
differences between the two NDVI analyses. The categories for the output were 
Improvement, No Significant Change, and Deterioration between the time when the two 
multispectral images were taken. Improvement was determined by whether or not the 
value was positive and greater than 0.2, which would be classified by a value of 1. No 
Significant Change was given to values between the range of 0.2 to -0.2 and then 
classified with a value of 0. Lastly, Deterioration was determined if the value was 
negative and less than -0.2, which would be classified as -1. Table 8 organizes the cleared 
minefields based on the percentage of raster cells classified in the Improvement category. 
Table 8. Cleared Minefields Experiencing Improvement Nov. 2017 to Nov. 2018 
Significant 
Improvement 
(> 75%) 
Average Improvement 
(75% - 60%) 
Substandard 
Improvement 
(< 60%) 
SA52 SA28 SA32 
SA54 SA50 SA96 
SA79 SA59 SA111 
SA86 SA73  
SA113 SA102  
 
From the tool’s analysis, it was notable that the results showed that each cleared 
minefield had a significantly high amount of raster cells categorized as Improvement in 
the comparison of the NDVI raster cell values between November 2017 and November 
2018. Notably, none of the cleared minefields had a Deterioration percentage greater than 
5%; the greatest amount of deterioration was SA79 with a Deterioration percent of 
4.61%. Appendix D and Appendix E detail this analysis made by the NDVI Comparison 
tool. 
The output provided by the tool gives the user insight into the recovery process 
occurring within each cleared minefield based on the time difference between the two 
multispectral images originally analyzed from the NDVI analysis of the Assess Recovery 
tool. The assessment gathered from the use of the NDVI Comparison tool and the Assess 
Recovery tool help in providing the user information on a cleared minefield's vegetation 
improvement. The tool allows the user to determine if a cleared minefield needs to be 
monitored more frequently to ensure that the Deterioration levels are not worsening. This 
tool also provides the user with attribute information regarding the raster cell 
improvement from either Barren/Soil to Recovery, Recovery to Shrub/Grassland, and 
Barren/Soil to Shrub/Grassland. Cleared minefields experiencing levels of average 
improvement or significant improvement were already showing low percentages of 
Deterioration raster cells. These cleared minefields should be monitored with the Assess 
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Recovery tool to determine when the raster cell percentages show an adequate percent of 
Shrub/Grassland. Committing to this form of environmental monitoring could allow for 
knowing when a cleared minefield has reached a completed state of recovery and would 
provide a reason for the fences to be removed from the cleared minefield, thus 
reincorporating the former minefield to the commons of the Falkland Islands. 
6.3 Development of the Environment Analysis for a Single Minefield 
Tool 
During the process of developing the Assess Recovery tool and the NDVI Comparison 
tool, the complexity of using each tool individually caused concern for the project. For a 
full analysis of a cleared minefield, the toolbox required the user to go through the steps 
of performing an individual analysis twice with the Assess Recovery tool and then using 
the two NDVI analyses generated from this tool as input for the NDVI Comparison tool. 
While the benefit for separating the tools allowed for individual analysis performed on 
each cleared minefield polygon, consideration was taken to benefit the user of the tools. 
Development shifted following the completion of the Assess Recovery tool and the 
NDVI Comparison tool into creating a single tool that could perform both geoprocessing 
capabilities of the completed tools. The Environment Analysis for a Single Minefield tool 
was developed to allow the user to enter in the necessary inputs, a minefield polygon and 
two multispectral images, to provide an output of the NDVI analyses for both 
multispectral images, to classify the NDVI analyses, and to run a comparison of both 
NDVI analyses. Testing this new tool yielded the same outputs as if using the tools 
individually. Figure 6-2 shows the five results generated from the Environment Analysis 
for a Single Minefield Tool. 
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Figure 6-2: Environment Analysis for SA79 Nov. 2017 and Nov. 2018. 
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The important factor of the new tool was the time and effort put forth to perform the 
analyses for these processes. Since the new tool asked for all the necessary inputs to 
perform the geoprocessing of the Assess Recovery tool and the NDVI Comparison tool, 
user time for preparing inputs and waiting for geoprocessing dropped significantly. The 
time for using the Assess Recovery tool and the NDVI Comparison tool took nearly two 
minutes, with one cleared minefield polygon. While the time for using the Environment 
Analysis for a Single Minefield tool took 50 seconds with one cleared minefield polygon, 
this reduction of time for using the new tool allowed for processing the analyses much 
quicker, and there was less work to be done than working with inputs for two individual 
tools. 
6.4 Development of the Environment Analysis for Multiple Minefields 
Tool 
While developing the Environment Analysis for a Single Minefield tool, the suggestion 
of inputting more than one minefield polygon was discussed. The capital city of Stanley 
contains 71 cleared minefields and the process of analyzing each individually with the 
other tools in the Habitat Recovery Toolbox would be a time-consuming undertaking for 
the user, with a possibility of more than an hour waiting for the geoprocessing analysis 
from each use of the tool. The concern for the analysis time with each minefield polygon 
led to the development of a fourth tool that would provide an analysis for multiple 
cleared minefields. Based on the process of the Environment Analysis for a Single 
Minefield tool, the Environment Analysis for Multiple Minefields tool was developed to 
perform the analyses of the Assess Recovery tool and the NDVI Comparison tool with 
the addition of adding more than one polygon to be analyzed from the process. The 
important benefit found from the use of this new fourth tool was the amount of time 
saved by performing the multiple analyses from one tool rather than repeated use of the 
other tools for each cleared minefield. 
A test was conducted using three cleared minefields with both tools to demonstrate 
the efficiency of creating a fourth tool for the analysis of multiple polygon inputs. For 
this test, the timing included both the preparation of inputs into the tools and the time for 
the geoprocessing to analyze the data. The Environment Analysis for a Single Minefield 
tool took four minutes and twenty-seven seconds to individually prepare the inputs and 
perform the geoprocessing for the three cleared minefield polygons. The Environment 
Analysis for Multiple Minefields tool took two minutes and thirty-one seconds for 
preparing the inputs and performing the analysis of the cleared minefield polygons 
resulting in the same product as the previous tool. The result from this test showed that 
the Environment Analysis for Multiple Minefields tool proved quicker than individual 
use of the Environment Analysis for a Single Minefield tool. The efficiency in this 
proved that, if multiple minefield polygons contained within two multispectral images 
required analysis, this fourth tool would be necessary for the user to reduce the amount of 
time taken in the preparation of inputs and the geoprocessing analysis. 
41 
6.5 Summary 
The analyses performed by the Habitat Recovery Toolbox on the cleared minefield study 
areas were discussed in this chapter. The chapter explained the assessment for the results 
outputted by each of the tools in the toolbox. Further discussion explained that the 
original intent for the toolbox was to carry two tools, the Assess Recovery tool, and the 
NDVI Comparison tool, but that was expanded with two new tools that streamlined the 
analyses of multiple cleared minefields. The next chapter provides an overview of the 
project and discusses suggested future research that can be related to this project. 
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Chapter 7  – Conclusions and Future Work 
Chapter Seven discusses the overview of the creation of the Habitat Recovery Toolbox 
for analysis of the cleared minefields in the Falkland Islands. The chapter also explains 
the future research that could be continued following the project’s completion. Each of 
the previous chapters has shown the project in its entirety while this chapter will focus on 
the conclusion of the project. The conclusion will repeat the information provided from 
the other chapters to justify that the project was completed and met the requirements of 
the client. 
7.1 Overview 
As stated in Chapter One, the goals of the project were to assess the health of vegetation 
within the cleared minefields and to understand the rate of recovery of the vegetation 
within the cleared minefields. Utilizing GIS and remote sensing techniques for analysis 
of an environment, this project focused on the creation of a set of four tools that could be 
used with ArcMap to determine vegetation health and vegetation recovery rates. 
Development of a Habitat Recovery Toolbox included creating two separate tools; one 
tool would handle analysis for the vegetation health, and the other tool would perform 
analysis to understand the recovery rates. The purpose of these two tools was to perform 
NDVI analysis to understand vegetation health within the cleared minefields from a 
multispectral image. The next part involved comparing two NDVI analyses from 
multispectral images taken at different dates. Comparing the two NDVI analyses would 
allow for understanding the rate of healthy vegetation recovery experienced within a 
cleared minefield.  
During the process of development of these two tools, the user experience of having 
to perform separate analyses with separate tools was discussed. To streamline the 
assessment process, a single tool was created that would incorporate the two single-
function tools. With the completion of these four tools for the Habitat Recovery Toolbox, 
the project met the requirements set by the client. 
7.2 Future Research 
Each of the tools in the Habitat Recovery Toolbox performs an NDVI analysis of 
multispectral images into three classes and then classifies the values of that vegetation 
index based on different ranges of values. Understanding the components of the 
geoprocessing performed by the tools helped to explain future research possibilities for 
this project. The following subsections will focus on two areas of future research that 
could be possible. The first subsection will detail how the Falkland Islands Government 
could expand this project, and the second subsection will discuss how regions other than 
the Falkland Islands can replicate this project for their environmental circumstances. 
7.2.1 Future Research for the Falkland Islands 
The data used for the analysis of the project included minefield polygons provided by the 
Falkland Islands Government and three-meter resolution multispectral images acquired 
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from Planet Labs. The three-meter resolution multispectral images allowed for this 
project to perform analyses on the cleared minefields that were relatively small in area. 
Multispectral images at a higher resolution, preferably one-meter resolution, should allow 
for a more accurate analysis of the cleared minefields as long as a near-infrared spectral 
band is present. 
The analysis from the Habitat Recovery Toolbox was limited to the vegetation index, 
NDVI, due to the spectral bands available in the three-meter resolution multispectral 
images. With the use of other satellite imagery services for multispectral images with a 
wider range of spectral bands, the analysis of the cleared minefields could include other 
vegetation indices analyses. For example, the vegetation index, Enhanced Vegetation 
Index (EVI), is similar to NDVI with its ability to measure the health of vegetation. The 
additional analysis done from the EVI analysis would include correcting for atmospheric 
conditions and background interferences. The enhancements made from this vegetation 
index introduced into the Habitat Recovery Toolbox would allow for a ratio of the red 
spectral band and near-infrared spectral band while eliminating the unnecessary 
background and atmospheric noise that could interpret raster values incorrectly. 
7.2.2 Future Research for Outside of the Falkland Islands 
While the Habitat Recovery Toolbox was specifically utilized for analyses of the cleared 
minefields of the Falkland Islands, the toolbox can be repurposed to fit any region that 
has experienced minefield clearance activities. The process of the NDVI analysis 
accounted for the shrub and grassland of the tundra environment, but with changes made 
for the classification aspects of the NDVI analysis, the tools would require simple 
changes in the code to include classifications to fit the vegetation of the selected 
environment. With these changes, implementing the Habitat Recovery Toolbox can 
provide an analysis of whether the natural state of healthy vegetation is returning to an 
area following minefield clearance activities or not. The purpose of ensuring that healthy 
vegetation has returned would allow for properly reincorporating these formerly 
disturbed areas into their natural environment surroundings. 
Because the Habitat Recovery Toolbox used NDVI for analysis, nearly any 
environment that has experienced a disturbance of the vegetation can utilize the tools to 
perform methods of environmental monitoring. While the tools would require changes in 
the code for the specific environment experiencing the disturbance, managing the 
recovery of an environment following natural disasters, human impact, or the 
introduction of an invasive species is possible with the toolbox. With the possibilities of 
expanding analysis or altering the analysis for other environments, the Habitat Recovery 
Toolbox allows for the management of the environment to be more efficient in areas 
where disturbances occur. 
7.3 Summary 
The overview of Chapter Seven provided each of the steps taken during the project’s 
lifecycle. Discussing details of the previous chapters, the project proved to be a 
successful venture that met the requirements detailed by the client. From this, the chapter 
continued in what the future for the research related to the project could be, which 
included how the Habitat Recovery Toolbox tools perform analyses that could benefit 
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strategies in environmental monitoring, both in the Falkland Islands and other parts of the 
world. The tool’s ability to be repurposed for nearly any environment shows the 
possibility of being implemented in environments other than the Falkland Islands. 
In conclusion, the effort put into this project showed that managing the recovery 
process of an environment that has experienced ecological disturbances is important. The 
development of analyses and processes that provide information on an environment can 
be implemented as effective strategies for environmental management. Managing the 
environment to allow it to return to its natural state of healthy vegetation makes certain 
that the destructive nature of humanity does not destroy the environments of the planet.  
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Appendix A. Site Maps 
Appendix A will show the maps created for each of the cleared minefields from the study 
area for the project. Each page is labeled in the top left with the name of the cleared 
minefield, and above each of the maps is a label that shows the dates of the multispectral 
image(s) used for the analysis. The organization of the maps in Appendix A is in 
numerical order, with the first set of maps being of SA28 and ending with SA113. 
Each page will contain five maps. The first and second maps will be of the NDVI 
analysis raster created from the Assess Recovery tool. The third and fourth maps will be 
the NDVI classified raster generated by the Assess Recovery tool. The fifth map will 
show the NDVI compared and classified raster created by the NDVI Comparison tool. 
These maps, along with their data and information, were provided to the Falkland Islands 
Government in the Habitat Recovery Toolbox Results Guide.   
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Site SA28 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA32 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA50 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA52 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA54 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA59 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA73 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA79 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA86 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA96 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA102 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA111 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Site SA113 Maps 
          NDVI Analysis Raster (11/26/2017)     NDVI Analysis Raster (11/02/2018) 
 
  NDVI Analysis Classified Raster           NDVI Analysis Classified Raster 
(11/26/2017)    (11/02/2018) 
 
NDVI Compare & Classify Raster (11/26/2017 – 11/02/2018) 
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Appendix B. Classified NDVI Raster Information 
Generated from Assess Recovery Tool on Study Area 
(Multispectral Image – November 26, 2017) 
Minefield 
Name 
Total 
Number 
of Raster 
Cells 
Total Number of 
Shrub/Grassland 
Raster Cells 
Total Number of 
Recovering  
Raster Cells 
Total Number of 
Barren/Soil 
Raster Cells 
SA28 2,307 495 1,474 338 
SA32 1,604 105 994 505 
SA50 23,930 4,028 18,856 1,046 
SA52 7,416 491 4,660 2,265 
SA54 1,812 106 1,169 537 
SA59 37,865 10,166 21,114 6,585 
SA73 226 0 183 43 
SA79 933 467 458 8 
SA86 11,662 747 10,783 132 
SA96 1,107 14 931 162 
SA102 2,059 1,225 820 14 
SA111 407 6 395 6 
SA113 6,856 1,928 4,722 206 
(Multispectral Image – November 2, 2018) 
Minefield 
Name 
Total 
Number 
of Raster 
Cells 
Total Number of 
Shrub/Grassland 
Raster Cells 
Total Number of 
Recovering Raster 
Cells 
Total Number of 
Barren/Soil 
Raster Cells 
SA28 2,307 1,211 896 200 
SA32 1,604 344 1,019 241 
SA50 23,930 12,297 11,568 65 
SA52 7,416 1,331 5,173 912 
SA54 1,812 614 939 259 
SA59 37,865 18,619 15,407 3,839 
SA73 226 39 186 1 
SA79 933 708 189 36 
SA86 11,662 3,068 8,575 19 
SA96 1,107 135 867 105 
SA102 2,059 1,936 120 3 
SA111 407 72 335 0 
SA113 6,856 3,846 3,003 7 
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Appendix C. Classified Raster Cell Category 
Percentages Generated from Assess Recovery Tool  
(Multispectral Image – November 26, 2017) 
Minefield 
Name 
Percent of 
Shrub/Grassland Raster 
Cells (NOV2017) 
Percent of 
Recovering Raster 
Cells (NOV2017) 
Percent of 
Barren/Soil Raster 
Cells (NOV2017) 
SA28 21.46% 63.89% 14.65% 
SA32 6.55% 61.97% 31.48% 
SA50 16.83% 78.80% 4.37% 
SA52 6.62% 62.84% 30.54% 
SA54 5.85% 64.51% 29.64% 
SA59 26.84% 55.76% 17.40% 
SA73 0% 81.00% 19.00% 
SA79 50.05% 49.09% 0.86% 
SA86 6.41% 92.46% 1.13% 
SA96 1.26% 84.10% 14.64% 
SA102 59.49% 39.82% 0.69% 
SA111 1.47% 97.06% 1.47% 
SA113 28.12% 68.87% 3.01% 
(Multispectral Image – November 2, 2018) 
Minefield 
Name 
Percent of 
Shrub/Grassland Raster 
Cells (NOV2018) 
Percent of 
Recovering Raster 
Cells (NOV2018) 
Percent of 
Barren/Soil Raster 
Cells (NOV2018) 
SA28 52.49% 38.84% 8.67% 
SA32 21.45% 63.53% 15.02% 
SA50 51.39% 48.34% 0.27% 
SA52 17.95% 69.75% 12.30% 
SA54 33.89% 51.82% 14.29% 
SA59 49.17% 40.69% 10.14% 
SA73 17.26% 82.30% 0.44% 
SA79 75.88% 20.26% 3.86% 
SA86 26.31% 73.53% 0.16% 
SA96 12.20% 78.32% 9.48% 
SA102 94.03% 5.83% 0.14% 
SA111 17.69% 82.31% 0% 
SA113 56.10% 43.80% 0.10% 
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Appendix D. NDVI Comparison Raster Information 
Generated by NDVI Comparison Tool  
 (November 26, 2017 – November 2, 2018) 
 
  
Minefield 
Name 
Total Number 
of Raster Cells 
Total Number 
of 
Improvement 
Raster Cells 
Total Number 
of No 
Significant 
Change 
Raster Cells 
Total Number 
of 
Deterioration 
Raster Cells 
SA28 2,307 1,736 524 47 
SA32 1,604 925 654 25 
SA50 23,930 18,794 4,899 237 
SA52 7,416 4,994 2,277 145 
SA54 1,812 1,335 436 41 
SA59 37,865 28,046 9,451 368 
SA73 226 190 36 0 
SA79 933 591 299 43 
SA86 11,662 7,926 3,598 138 
SA96 1,107 583 487 37 
SA102 2,059 2,046 13 0 
SA111 407 208 196 3 
SA113 6,856 5,049 1,771 36 
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Appendix E. NDVI Comparison Raster Cell Category 
Percentages Generated by NDVI Comparison Tool 
(November 26, 2017 – November 2, 2018) 
Minefield 
Name 
Percent of 
Improvement 
Raster Cells 
Percent of No 
Significant Change 
Raster Cells 
Percent of 
Deterioration 
Raster Cells 
SA28 75.25% 22.71% 2.04% 
SA32 57.67% 40.77% 1.56% 
SA50 79.52% 20.47% < 0.01% 
SA52 67.34% 30.70% 1.96% 
SA54 73.68% 24.06% 2.26% 
SA59 75.03% 24.96% < 0.01% 
SA73 84.07% 15.93% 0% 
SA79 63.34% 32.05% 4.61% 
SA86 67.97% 30.85% 1.18% 
SA96 52.67% 43.99% 3.34% 
SA102 99.99% < 0.01% 0% 
SA111 51.83% 48.16% < 0.01% 
SA113 74.16% 25.83% < 0.01% 
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Appendix F. Assess Recovery Tool Script 
The Assess Recovery tool was developed using Python code and requests the user input 
one minefield polygon and one multispectral image with a RGB and Near-Infrared 
spectral bands. The tool's first geoprocessing uses Clip to cut out the portion of the 
multispectral image contained within the minefield polygon. The tool's second 
geoprocessing uses Make Raster Layer to create individual raster layers of the four bands 
of the clipped minefield multispectral image. The tool's third geoprocessing involves 
taking the red band and near-infrared band of the clipped minefield multispectral images 
and applies the NDVI algorithm to output the NDVI analysis. The fourth geoprocess 
involves first using the Raster Algebra function Plus to add the Near-Infrared Band to the 
Red Band. Then the geoprocess uses the Raster Algebra function Minus to subtract the 
Near-Infrared Band from the Red Band. The raster cell values of these geoprocesses are 
then converted by the Float tool into a floating-point representation. Last, the 
geoprocessing uses the Raster Algebra function Divide to use division of the addition-
float output from the subtraction-float output. The output of the Divide geoprocessing is a 
raster representing the NDVI for the clipped minefield multispectral image. 
 
This NDVI raster is the first output given by the Assess Recovery tool. The tool's fifth 
geoprocessing involves taking the NDVI raster produced by the fourth geoprocess and 
classifying the raster cell values. To determine the raster cell values, the first part of this 
geoprocessing involved using the Raster Algebra function Times to multiply the values 
by 1000 to achieve whole number cell values in the raster. The next part of the 
geoprocess is using Int to convert each of the whole number cell values into integers by 
truncation (also allows for access to the attribute table). Next, the raster containing the 
whole number integer values of the NDVI is classified based on the break points of 
barren/soil, recovering vegetation, and shrub/grassland (Original NDVI values Breaks: -
1.0 to 0.094, 0.095 to 0.195, and 0.196 to 1.0) (NDVI * 1000 values Breaks: -1000 to 94, 
95 to 195, 196 to 1000). The output of the tool's fifth geoprocess on both of the NDVI 
rasters is the third and fourth output of the tool. 
 
# Import arcpy module 
import arcpy 
 
# Over write 
arcpy.env.overwriteOutput = True 
 
# Input Parameters 
Minefield_Polygon = arcpy.GetParameterAsText(0) # Input 
minefield polygon 
Most_Recent_Multispectral_Image = 
arcpy.GetParameterAsText(1) # Input multispectral image 
with most recent date 
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Use_Input_Features_for_Clipping_Geometry__2_ = 
arcpy.GetParameterAsText(2) # Maintains clip is within 
minefield polygon 
if Use_Input_Features_for_Clipping_Geometry__2_ == '#' or 
not Use_Input_Features_for_Clipping_Geometry__2_: 
    Use_Input_Features_for_Clipping_Geometry__2_ = "false" 
# provides a default value 
 
Least_Recent_Multispectral_Image = 
arcpy.GetParameterAsText(3) # Input multispectral image 
with least recent date 
Use_Input_Features_for_Clipping_Geometry = 
arcpy.GetParameterAsText(4) # Maintains clip is within 
minefield polygon 
if Use_Input_Features_for_Clipping_Geometry == '#' or not 
Use_Input_Features_for_Clipping_Geometry: 
    Use_Input_Features_for_Clipping_Geometry = "false" # 
provides a default value 
 
Most_Recent_Multispectral_Image_NDVI_Raster = 
arcpy.GetParameterAsText(5) # Input name and location for 
saving NDVI Raster of the most recent multispectral image 
Least_Recent_Multispectral_Image_NDVI_Raster = 
arcpy.GetParameterAsText(6) # Input name and location for 
saving NDVI raster of the least recent multispectral image 
 
Most_Recent_Multispectral_Image_NDVI_Raster_Classified = 
arcpy.GetParameterAsText(7) # Input name and location for 
saving NDVI classified raster of most recent multispectral 
image 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d = arcpy.GetParameterAsText(8) # Input name and location 
for saving NDVI classified raster of least recent 
multispectral image 
 
 
# Local variables 
LRMI_Minefield = "LRMI_M" 
LRMIMF_b1 = "LRMFMI_b1" 
LRMIMF_b2 = "LRMFMI_b2" 
LRMIMF_b4 = "LRMFMI_b4" 
LRMIMF_b3 = "LRMFMI_b3" 
LR_NIRminRed = "Minus_LRMFMI1" 
LR_NIRminRedF = "Float_Minus17" 
LR_NIRaddRed = "Plus_LRMFMI_1" 
LR_NIRaddRedF = "Float_Plus_L1" 
Value___1000 = "1000" 
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LRNDVI_1000 = "Times_LR_NDV1" 
LRNDVI_1000i = "Int_Times_LR1" 
MRMI_Minefield = "MRMI_M" 
MRMIMF_b1 = "MRMFMI_b1" 
MRMIMF_b2 = "MRMFMI_b2" 
MRMIMF_b4 = "MRMFMI_b4" 
MRMIMF_b3 = "MRMFMI_b3" 
MR_NIRminRed = "Minus_MRMFMI1" 
MR_NIRminRedF = "Float_Minus18" 
MR_NIRaddRed = "Plus_MRMFMI_1" 
MR_NIRaddRedF = "Float_Plus_15" 
MRNDVI_1000 = "Times_MR_NDV1" 
MRNDVI_1000i = "Int_Times_MR1" 
 
# First Geoprocessing: Clip 
arcpy.AddMessage("Clipping multispectral image from 
minefield polygon...") 
 
# Clipping Least Recent Multispectral Image 
arcpy.Clip_management(Least_Recent_Multispectral_Image, "0 
0 0 0", LRMI_Minefield, Minefield_Polygon, "0", 
Use_Input_Features_for_Clipping_Geometry, "false") 
 
# Clipping Most Recent Multispectral Image 
arcpy.Clip_management(Most_Recent_Multispectral_Image, "0 0 
0 0", MRMI_Minefield, Minefield_Polygon, "0", 
Use_Input_Features_for_Clipping_Geometry__2_, "false") 
 
# Second Geoprocessing: Make Raster Layer 
arcpy.AddMessage("Splitting bands of clipped minefield 
multispectral image...") 
 
# Splitting bands for Least Recent Minefield Multispectral 
Image 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b1, 
"", LRMI_Minefield, "1") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b2, 
"", LRMI_Minefield, "2") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b3, 
"", LRMI_Minefield, "3") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b4, 
"", LRMI_Minefield, "4") 
 
#Splitting bands for Most Recent Minefield Multispectral 
Image 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b1, 
"", MRMI_Minefield, "1") 
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arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b2, 
"", MRMI_Minefield, "2") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b3, 
"", MRMI_Minefield, "3") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b4, 
"", MRMI_Minefield, "4") 
 
# Third Geoprocessing: NDVI Analysis for Least Recent 
Minefield Multispectral Image 
arcpy.AddMessage("Performing NDVI analysis...") 
arcpy.gp.Minus_sa(LRMIMF_b4, LRMIMF_b3, LR_NIRminRed) # 
Raster Algebra Function: Minus 
arcpy.gp.Float_sa(LR_NIRminRed, LR_NIRminRedF) # Convert 
Minus Result to Floating-Point 
 
arcpy.gp.Plus_sa(LRMIMF_b4, LRMIMF_b3, LR_NIRaddRed) # 
Raster Algebra Function: Plus 
arcpy.gp.Float_sa(LR_NIRaddRed, LR_NIRaddRedF) # Convert 
Plus Result to Floating-Point 
 
arcpy.gp.Divide_sa(LR_NIRminRedF, LR_NIRaddRedF, 
Least_Recent_Multispectral_Image_NDVI_Raster) # Raster 
Algebra Function: Divide 
 
# Fourth Geoprocessing: NDVI Analysis for Most Recent 
Minefield Multispectral Image 
arcpy.gp.Minus_sa(MRMIMF_b4, MRMIMF_b3, MR_NIRminRed) # 
Raster Algebra Function: Minus 
arcpy.gp.Float_sa(MR_NIRminRed, MR_NIRminRedF) # Convert 
Minus Result to Floating-Point 
 
arcpy.gp.Plus_sa(MRMIMF_b4, MRMIMF_b3, MR_NIRaddRed) # 
Raster Algebra Function: Plus 
arcpy.gp.Float_sa(MR_NIRaddRed, MR_NIRaddRedF) # Convernt 
Plus Result to Floating-Point 
 
arcpy.gp.Divide_sa(MR_NIRminRedF, MR_NIRaddRedF, 
Most_Recent_Multispectral_Image_NDVI_Raster) # Raster 
Algebra Function: Divide 
 
arcpy.AddMessage("NDVI Analysis Complete...") 
 
# Fifth Geoprocessing: Classify NDVI Values 
arcpy.AddMessage("Classifying NDVI values...") 
arcpy.gp.Times_sa(Least_Recent_Multispectral_Image_NDVI_Ras
ter, Value___1000, LRNDVI_1000) # Raster Algebra Function: 
Times 
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arcpy.gp.Int_sa(LRNDVI_1000, LRNDVI_1000i) # Convert Times 
Result to Integer 
 
arcpy.gp.Reclassify_sa(LRNDVI_1000i, "VALUE", "-1000 94 -
1;95 195 0;196 1000 1", 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d, "DATA") # Classify values based on different ranges of 
NDVI values 
 
arcpy.gp.Times_sa(Most_Recent_Multispectral_Image_NDVI_Rast
er, Value___1000, MRNDVI_1000) # Raster Algebra Function: 
Times 
arcpy.gp.Int_sa(MRNDVI_1000, MRNDVI_1000i) # Convert Times 
Result to Integer 
 
arcpy.gp.Reclassify_sa(MRNDVI_1000i, "VALUE", "-1000 94 -
1;95 195 0;196 1000 1", 
Most_Recent_Multispectral_Image_NDVI_Raster_Classified, 
"DATA") 
 
arcpy.AddMessage("Classifying Complete...") 
arcpy.AddMessage("Assess Recovery Tool Complete.")  
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Appendix G. NDVI Comparison Tool Script 
The NDVI Comparison tool was developed using Python and requires two NDVI raster 
for inputs, which are produced by the Assess Recovery tool and outputs a classified 
comparison of the changes between these two NDVI rasters. To compare the cell values 
of the NDVI rasters, the first part of this geoprocessing involved using the Raster Algebra 
function Minus to subtract the Most Recent NDVI raster from the Least Recent NDVI 
raster. The difference produced by the Minus function would then be multiplied by 1000 
using Raster Algebra function Times to achieve whole number cell values in the raster. 
The next part of the geoprocess is using Int to conver each of the whole number cell 
values into integers by truncation (also allows for access to the attribute table). Next, the 
raster containing the whole number integer values of the compared NDVI is classified 
based on break points of Deterioration, No Significant Change, Improvement (NDVI 
Comparison values Breaks: -1000 to -21, -20 to 20, 21 to 1000). The output of the tool's 
next geoprocess of classifying the comparison of the two NDVI rasters is the output of 
the tool. 
 
# Import arcpy module 
import arcpy 
 
# Input Parameters  
NDVI_Analysis_of_Most_Recent_Minefield_Polygon_Multispectra
l_Image = arcpy.GetParameterAsText(0) # Input the NDVI 
Analysis Raster produced from the Most Recent Multispectral 
Image 
NDVI_Analysis_of_Least_Recent_Minefield_Polygon_Multispectr
al_Image = arcpy.GetParameterAsText(1) # Input the NDVI 
Analysis Raster produced from the Least Recent 
Multispectral Image 
NDVI_Classified_Comparison = arcpy.GetParameterAsText(2) # 
Input the name given to the NDVI Compared and Classified 
Analysis Raster output 
 
# Local variables 
NDVI_Diff = "NDVIdiff" 
Value___1000 = "1000" 
NDVId_1000 = "NDif_1000" 
NDVId1000_i = "NDif1000_int" 
 
# First Geoprocessing: Difference 
# Subtracts values of the Most Recent NDVI Analysis Raster 
from the Least Recent NDVI Analysis Raster 
arcpy.AddMessage("Performing Difference of Raster 
Inputs...") 
arcpy.gp.Minus_sa(NDVI_Analysis_of_Most_Recent_Minefield_Po
lygon_Multispectral_Image, 
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NDVI_Analysis_of_Least_Recent_Minefield_Polygon_Multispectr
al_Image, NDVI_Diff) 
arcpy.AddMessage("Difference Complete...") 
 
# Second Geoprocessing: Times 
# Multiplies the value of the resulting difference between 
the two NDVI analysis rasters by 1000 
arcpy.AddMessage("Performing Times on Results of 
Difference...") 
arcpy.gp.Times_sa(NDVI_Diff, Value___1000, NDVId_1000) 
arcpy.AddMessage("Times Complete...") 
 
# Third Geoprocessing: Int 
# Converts the raster cell values from float into integer 
arcpy.AddMessage("Converting floating-point raster values 
to integer...") 
arcpy.gp.Int_sa(NDVId_1000, NDVId1000_i) 
arcpy.AddMessage("Int Complete...") 
 
# Fourth Geoprocessing: Reclassify 
# Reclassifies the raster cell values into three categories 
and produces a NDVI Comparison raster as an output 
arcpy.AddMessage("Classifying values and producing NDVI 
Classified Comparison raster...") 
arcpy.gp.Reclassify_sa(NDVId1000_i, "Value", "-1000 -21 -
1;-20 20 0;21 1000 1", NDVI_Classified_Comparison, "DATA") 
arcpy.AddMessage("Classifying Complete...") 
arcpy.AddMessage("NDVI Classified Tool Complete.") 
 
  
75 
Appendix H. Environment Analysis for a Single 
Minefield Tool Script 
The Environment Analysis for a Single Minefield Tool was developed using Python and 
requests the user input one minefield polygon and two multispectral images with a RGB 
and Near-Infrared bands. The following processes are performed separately to both of the 
multispectral image inputs provided by the user. The tool's first geoprocessing uses Clip 
to cut out the portion of the multispectral image contained within the minefield polygon. 
The tool's second geoprocessing uses Make Raster Layer to create individual raster layers 
of the four bands of the clipped minefield multispectral image. The tool's third 
geoprocessing involves taking the red band and near-infrared band of the clipped 
minefield multispectral image and applies the NDVI ratio to output the NDVI analysis 
raster. This third geoprocess involves first using the Raster Algebra function Plus to add 
the Near-Infrared Band to the Red Band. Then the geoprocess uses the Raster Algebra 
function Minus to subtract the Near-Infrared Band from the Red Band. The raster cell 
values of these geoprocesses are then converted by the Float tool into a floating-point 
representation. Last, the geoprocess uses the Raster Algebra function Divide to use 
division of the addition-float output from the subtraction-float output. The output of the 
Divide geoprocessing is a raster representing the NDVI for the clipped minefield 
multispectral image. The output of the tool's third geoprocess (an NDVI Analysis raster) 
is the first and second output of the tool. 
 
The tool's fourth geoprocessing involves taking both of the NDVI analysis rasters 
produced by the third geoprocess and classifying the raster cell values. To determine the 
raster cell values, the first part of this geoprocessing involved using the Raster Algebra 
function Times to multiply the values by 1000 to achieve whole number cell values in the 
raster. The next part of the geoprocess is using Int to convert each of the whole number 
cell values into integers by truncation (also allows for access to the attribute table). Next, 
the raster containing the whole number integer values of the NDVI is classified based on 
the break points of barren/soil, recovering vegetation, and shrub/grassland. The output of 
the tool's fourth geoprocess (NDVI Analysis Classified) on both of the NDVI rasters is 
the third and fourth output of the tool. 
 
The tool's fifth geoprocessing involves taking the NDVI Analysis raster produced by the 
third geoprocess and comparing the changes between these two NDVI rasters. To 
compare the cell values of the NDVI rasters, the first part of this geoprocessing involved 
using the Raster Algebra function Minus to subtract the Most Recent NDVI raster from 
the Least Recent NDVI raster. The difference produced by the Minus function would 
then be multiplied by 1000 using Raster Algebra function Times to achieve whole 
number cell values in the raster. The next part of the geoprocess is using Int to convert 
each of the whole number cell values into integers by truncation (also allows for access to 
the attribute table). Next, the raster containing the whole number integer values of the 
compared NDVI is classified based on break points of Deterioration, No Significant 
Change, and Improvement. The output of the tool's fifth geoprocess (NDVI Comparison 
and Classification) is the fifth and final output of the tool. 
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# Import arcpy module 
import arcpy 
 
# Allow for overwrite 
arcpy.env.overwriteOutput = True 
 
# Input parameters 
Minefield_Polygon = arcpy.GetParameterAsText(0) # Input 
minefield polygon 
 
Most_Recent_Multispectral_Image = 
arcpy.GetParameterAsText(1) # Input multispectral image 
with most recent date 
Use_Input_Features_for_Clipping_Geometry__2_ = 
arcpy.GetParameterAsText(2) # Maintains clip is within 
minefield polygon 
if Use_Input_Features_for_Clipping_Geometry__2_ == '#' or 
not Use_Input_Features_for_Clipping_Geometry__2_: 
    Use_Input_Features_for_Clipping_Geometry__2_ = "false" 
# provide a default value 
 
Least_Recent_Multispectral_Image = 
arcpy.GetParameterAsText(3) # Input multispectral image 
with least recent date 
Use_Input_Features_for_Clipping_Geometry = 
arcpy.GetParameterAsText(4) # Maintains clip is within 
minefield polygon 
if Use_Input_Features_for_Clipping_Geometry == '#' or not 
Use_Input_Features_for_Clipping_Geometry: 
    Use_Input_Features_for_Clipping_Geometry = "false" # 
provide a default value 
 
Most_Recent_Multispectral_Image_NDVI_Raster = 
arcpy.GetParameterAsText(5) # Input name and location for 
saving NDVI Raster analyzed from most recent multispectral 
image 
if Most_Recent_Multispectral_Image_NDVI_Raster == '#' or 
not Most_Recent_Multispectral_Image_NDVI_Raster: 
    Most_Recent_Multispectral_Image_NDVI_Raster = "MRNDVI_" 
# provide a default saving location 
 
Least_Recent_Multispectral_Image_NDVI_Raster = 
arcpy.GetParameterAsText(6) # Input name and location for 
saving NDVI Raster analyzed from least recent multispectral 
image 
if Least_Recent_Multispectral_Image_NDVI_Raster == '#' or 
not Least_Recent_Multispectral_Image_NDVI_Raster: 
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    Least_Recent_Multispectral_Image_NDVI_Raster = 
"LRNDVI_" # provide a default saving location 
 
Most_Recent_Multispectral_Image_NDVI_Raster_Classified = 
arcpy.GetParameterAsText(7) # Input name and location for 
saving NDVI Classified raster analyzed from most recent 
multispectral image 
if Most_Recent_Multispectral_Image_NDVI_Raster_Classified 
== '#' or not 
Most_Recent_Multispectral_Image_NDVI_Raster_Classified: 
    Most_Recent_Multispectral_Image_NDVI_Raster_Classified 
= "MRNDVIC_" # provide a default saving location 
 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d = arcpy.GetParameterAsText(8) # Input name and location 
for saving NDVI Classified raster analyzed from least 
recent multispectral image 
if 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d == '#' or not 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d: 
    
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d = "LRNDVIC_" # provide a default saving location 
 
NDVI_Classified_Comparison = arcpy.GetParameterAsText(9) # 
Input name and location for saving NDVI Compare and 
Classified raster analyzed from comparing the two NDVI 
Analyses 
if NDVI_Classified_Comparison == '#' or not 
NDVI_Classified_Comparison: 
    NDVI_Classified_Comparison = "NDVICC_" # provide a 
default saving location 
 
# Local variables 
LRMI_Minefield = "LRMI_M" 
LRMIMF_b1 = "LRMFMI_b1" 
LRMIMF_b2 = "LRMFMI_b2" 
LRMIMF_b4 = "LRMFMI_b4" 
LRMIMF_b3 = "LRMFMI_b3" 
LR_NIRminRed = "Minus_LRMFMI1" 
LR_NIRminRedF = "Float_Minus17" 
LR_NIRaddRed = "Plus_LRMFMI_1" 
LR_NIRaddRedF = "Float_Plus_L1" 
Value___1000 = "1000" 
LRNDVI_1000 = "Times_LRNDVI1" 
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LRNDVI_1000i = "Int_Times_LR1" 
MRMI_Minefield = "MRMI_M" 
MRMIMF_b1 = "MRMFMI_b1" 
MRMIMF_b2 = "MRMFMI_b2" 
MRMIMF_b4 = "MRMFMI_b4" 
MRMIMF_b3 = "MRMFMI_b3" 
MR_NIRminRed = "Minus_MRMFMI1" 
MR_NIRminRedF = "Float_Minus18" 
MR_NIRaddRed = "Plus_MRMFMI_1" 
MR_NIRaddRedF = "Float_Plus_15" 
MRNDVI_1000 = "Times_MRNDVI1" 
MRNDVI_1000i = "Int_Times_MR1" 
NDVI_Diff = "Minus_MRNDVI2" 
NDVId_1000 = "Times_Minus_2" 
NDVId1000_i = "Int_Times_Mi2" 
 
# First Geoprocessing: Clip 
# Clipping most recent multispectral image from minefield 
polygon 
arcpy.Clip_management(Most_Recent_Multispectral_Image, "0 0 
0 0", MRMI_Minefield, Minefield_Polygon, "0", 
Use_Input_Features_for_Clipping_Geometry__2_, "false") 
# Clipping least recent multispectral image from minefield 
polygon 
arcpy.Clip_management(Least_Recent_Multispectral_Image, "0 
0 0 0", LRMI_Minefield, Minefield_Polygon, "0", 
Use_Input_Features_for_Clipping_Geometry, "false") 
 
# Second Geoprocessing: Make Raster Layer 
# Splitting bands from Minefield Polygon's Most Recent 
Multispectral Image  
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b1, 
"", MRMI_Minefield, "1") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b2, 
"", MRMI_Minefield, "2") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b3, 
"", MRMI_Minefield, "3") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b4, 
"", MRMI_Minefield, "4") 
 
# Splitting bands from Minefield Polygon's Least Recent 
Multispectral Image 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b1, 
"", LRMI_Minefield, "1") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b2, 
"", LRMI_Minefield, "2") 
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arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b3, 
"", LRMI_Minefield, "3") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b4, 
"", LRMI_Minefield, "4") 
 
# Third Geoprocessing: NDVI Analysis 
# NDVI Analysis performed on Minefield Polygon's Most 
Recent Multispectral Image 
arcpy.gp.Minus_sa(MRMIMF_b4, MRMIMF_b3, MR_NIRminRed) # 
Raster Algebra Function: Minus 
arcpy.gp.Float_sa(MR_NIRminRed, MR_NIRminRedF) # Convert 
Minus Result to Floating-Point 
arcpy.gp.Plus_sa(MRMIMF_b4, MRMIMF_b3, MR_NIRaddRed) # 
Raster Algebra Function: Plus 
arcpy.gp.Float_sa(MR_NIRaddRed, MR_NIRaddRedF) # Convert 
Plus Result to Floating-Point 
arcpy.gp.Divide_sa(MR_NIRminRedF, MR_NIRaddRedF, 
Most_Recent_Multispectral_Image_NDVI_Raster) # Raster 
Algebra Function: Divide 
 
# NDVI Analysis performed on Minefield Polygon's Least 
Recent Multispectral Image 
arcpy.gp.Minus_sa(LRMIMF_b4, LRMIMF_b3, LR_NIRminRed) # 
Raster Algebra Function: Minus 
arcpy.gp.Float_sa(LR_NIRminRed, LR_NIRminRedF) # Convert 
Minus Result to Floating-Point 
arcpy.gp.Plus_sa(LRMIMF_b4, LRMIMF_b3, LR_NIRaddRed) # 
Raster Algebra Function: Plus 
arcpy.gp.Float_sa(LR_NIRaddRed, LR_NIRaddRedF) # Convert 
Plus Result to Floating-Point 
arcpy.gp.Divide_sa(LR_NIRminRedF, LR_NIRaddRedF, 
Least_Recent_Multispectral_Image_NDVI_Raster) # Raster 
Algebra Function: Divide  
 
# Fourth Geoprocessing: Classifying NDVI values in NDVI 
Analysis Rasters 
# Classifying NDVI Raster values from NDVI Analysis of 
Minefield Polygon's Most Recent Multispectral Image 
arcpy.gp.Times_sa(Most_Recent_Multispectral_Image_NDVI_Rast
er, Value___1000, MRNDVI_1000) # Raster Algebra Function: 
Times 
arcpy.gp.Int_sa(MRNDVI_1000, MRNDVI_1000i) # Convert Times 
Result to Integer 
arcpy.gp.Reclassify_sa(MRNDVI_1000i, "VALUE", "-1000 94 -
1;95 195 0;196 1000 1", 
Most_Recent_Multispectral_Image_NDVI_Raster_Classified, 
80 
"DATA") # Classify values based on ranges of NDVI values 
multiplied by 1000 
 
# Classifying NDVI Raster values from NDVI Analysis of 
Minefield Polygon's Least Recent Multispectral Image 
arcpy.gp.Times_sa(Least_Recent_Multispectral_Image_NDVI_Ras
ter, Value___1000, LRNDVI_1000) # Raster Algebra Function: 
Times 
arcpy.gp.Int_sa(LRNDVI_1000, LRNDVI_1000i) # Convert Times 
Result to Integer 
arcpy.gp.Reclassify_sa(LRNDVI_1000i, "VALUE", "-1000 94 -
1;95 195 0;196 1000 1", 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d, "DATA") # Classify values based on ranges of NDVI values 
multiplied by 1000 
 
# Fifth Geoprocessing: Difference and Classification 
between NDVI analyses from both multispectral images 
arcpy.gp.Minus_sa(Most_Recent_Multispectral_Image_NDVI_Rast
er, Least_Recent_Multispectral_Image_NDVI_Raster, 
NDVI_Diff) # Raster Algebra Function: Minus 
arcpy.gp.Times_sa(NDVI_Diff, Value___1000, NDVId_1000) # 
Raster Algebra Function: Times 
arcpy.gp.Int_sa(NDVId_1000, NDVId1000_i) # Convert Times 
Result to Integer 
arcpy.gp.Reclassify_sa(NDVId1000_i, "VALUE", "-1000 -21 -
1;-20 20 0;21 1000 1", NDVI_Classified_Comparison, "DATA") 
# Classifies raster values based on where there has been 
deterioration, no significant change, or improvement 
 
 
  
81 
Appendix I. Environment Analysis for Multiple 
Minefields Script 
The Environment Analysis for Multiple Minefield Tool was developed using Python and 
requests the user input more than one minefield polygon and two multispectral images 
with a RGB and Near-Infrared bands. The following processes are performed separately 
to both of the multispectral image inputs provided by the user. The tool's first 
geoprocessing uses Merge to combine the multiple minefields so that they are analyzed 
together throughout the tool's analyses. The tool's second geoprocessing uses Clip to cut 
out the portion of the multispectral image contained within the minefield polygon. The 
tool's third geoprocessing uses Make Raster Layer to create individual raster layers of the 
four bands of the clipped minefield multispectral image. The tool's fourth geoprocessing 
involves taking the band 3 (red band) and the band 4 (near-infrared band) of the clipped 
multiple minefield multispectral image and applies the NDVI ratio to output the NDVI 
analysis raster. This fourth geoprocess involves first using the Raster Algebra function 
Plus to add the Near-Infrared Band to the Red Band. Then the geoprocess uses the Raster 
Algebra function Minus to subtract the Near-Infrared Band from the Red Band. The 
raster cell values of these geoprocesses are then converted by the Float tool into a 
floating-point representation. The geoprocess uses the Raster Algebra function Divide to 
use division of the addition-float output from the subtraction-float output. The output of 
the Divide geoprocessing is a raster representing the NDVI for the clipped multiple 
minefield multispectral image. Lastly, the geoprocessing uses Split Raster to un-merge 
the new NDVI analysis raster to the original minefield polygons. The output of the tool's 
fourth geoprocess (an NDVI Analysis raster for each minefield polygon) is the first set of 
outputs produced by the tool. 
 
The tool's fifth geoprocessing involves taking each of NDVI analysis rasters produced by 
the fourth geoprocess and classifying the raster cell values. To determine the raster cell 
values, the first part of this geoprocessing involved using the Raster Algebra function 
Times to multiply the values by 1000 to achieve whole number cell values in the raster. 
The next part of the geoprocess is using Int to convert each of the whole number cell 
values into integers by truncation (also allows for access to the attribute table). Next, the 
raster containing the whole number integer values of the NDVI is classified based on the 
break points of barren/soil, recovering vegetation, and shrub/grassland. Lastly, the 
geoprocessing uses Split Raster to un-merge the new NDVI Classified analysis raster to 
the original minefield polygons. The output of the tool's fifth geoprocess (an NDVI 
Classified Analysis raster for each minefield polygon) is second set outputs produced by 
the tool. 
 
The tool's sixth geoprocessing involves taking the NDVI Analysis raster produced by the 
fourth geoprocessing and comparing the changes between these two NDVI Analysis 
rasters. To compare the cell values of the NDVI rasters, the first part of this 
geoprocessing involved using the Raster Algebra function Minus to subtract the Most 
Recent NDVI raster from the Least Recent NDVI raster. The difference produced by the 
Minus function would then be multiplied by 1000 using Raster Algebra function Times to 
achieve whole number cell values in the raster. The next part of the geoprocess is using 
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Int to convert each of the whole number cell values into integers by truncation (also 
allows for access to the attribute table). Next, the raster containing the whole number 
integer values of the compared NDVI is classified based on break points of Deterioration, 
No Significant Change, and Improvement. The output of the tool's sixth geoprocess (an 
NDVI Comparison and Classification raster for each minefield polygon) is the third and 
final set of outputs produced by the tool. 
 
# Import arcpy module 
import arcpy 
 
# Allow for overwrite 
arcpy.env.overwriteOutput = True 
 
# Input parameters  
Multiple_Minefield_Polygons = arcpy.GetParameterAsText(0) # 
Input minefield polygons 
 
Most_Recent_Multispectral_Image = 
arcpy.GetParameterAsText(1) # Input most recent 
multispectral image 
Use_Input_Features_for_Clipping_Geometry__2_ = 
arcpy.GetParameterAsText(2) # Maintain clip within polygon  
if Use_Input_Features_for_Clipping_Geometry__2_ == '#' or 
not Use_Input_Features_for_Clipping_Geometry__2_: 
    Use_Input_Features_for_Clipping_Geometry__2_ = "false" 
# provide a default value 
 
Least_Recent_Multispectral_Image = 
arcpy.GetParameterAsText(3) # Input least recent 
multispectral image  
Use_Input_Features_for_Clipping_Geometry = 
arcpy.GetParameterAsText(4) # Maintain clip within polygon  
if Use_Input_Features_for_Clipping_Geometry == '#' or not 
Use_Input_Features_for_Clipping_Geometry: 
    Use_Input_Features_for_Clipping_Geometry = "false" # 
provide a default value 
 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_A
nalysis_Rasters = arcpy.GetParameterAsText(5) # Input name 
for each NDVI Analysis raster generated from analysis of 
Most Recent Multispectral Image  
if 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_A
nalysis_Rasters == '#' or not 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_A
nalysis_Rasters: 
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Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_A
nalysis_Rasters = "MRNDVI_0" # provide a default name 
 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Analysis_Rasters = arcpy.GetParameterAsText(6) # Input name 
for each NDVI Analysis raster generated from analysis of 
Least Recent Multispectral Image 
if 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Analysis_Rasters == '#' or not 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Analysis_Rasters: 
    
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Analysis_Rasters = "LRNDVI_0" # provide a default name 
 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_C
lassified_Rasters = arcpy.GetParameterAsText(7) # Input 
name for each Classified NDVI raster generated from 
classifying NDVI Analysis of Most Recent Multispectral 
Image 
if 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_C
lassified_Rasters == '#' or not 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_C
lassified_Rasters: 
    
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_C
lassified_Rasters = "MRNDVIC_0" # provide a default name 
 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Classified_Rasters = arcpy.GetParameterAsText(8) # Input 
name for each Classified NDVI raster generated from 
classifying NDVI Analysis of Least Recent Multispectral 
image  
if 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Classified_Rasters == '#' or not 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Classified_Rasters: 
    
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Classified_Rasters = "LRNDVIC_0" # provide a default name 
 
Output_Base_Name_for_NDVI_Compare_and_Classified_Raster = 
arcpy.GetParameterAsText(9) # Input name for each NDVI 
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Compare and Classified raster generated from NDVI 
Comparison analysis  
if Output_Base_Name_for_NDVI_Compare_and_Classified_Raster 
== '#' or not 
Output_Base_Name_for_NDVI_Compare_and_Classified_Raster: 
    Output_Base_Name_for_NDVI_Compare_and_Classified_Raster 
= "NDVICC_0" # provide a default name  
 
# Local variables: 
Merged_Minefield_Polygons = "PolyMerge" # Merge feature 
layer of minefield polygons 
MRMI_Minefield = "MRMinefield" # Clipped Most Recent 
Multispectral Image of minefield polygon 
MRMIMF_b1 = "MRMFMI_b1" # Band 1 of Most Recent 
Multispectral Image Polygon Clip 
MRMIMF_b2 = "MRMFMI_b2" # Band 2 of Most Recent 
Multispectral Image Polygon Clip 
MRMIMF_b3 = "MRMFMI_b3" # Band 3 of Most Recent 
Multispectral Image Polygon Clip 
MRMIMF_b4 = "MRMFMI_b4" # Band 4 of Most Recent 
Multispectral Image Polygon Clip 
MR_NIRminRed = "Minus_MRMFMI1" # Raster difference of Near-
Infrared and Red spectral band 
MR_NIRminRedF = "Float_Minus18" # Float of raster 
difference 
MR_NIRaddRed = "Plus_MRMFMI_1" # Raster sum of Near-
Infrared and Red spectral band 
MR_NIRaddRedF = "Float_Plus_15" # Float of raster sum 
Most_Recent_Multispectral_Image_NDVI_Raster = "MR_NDVI" # 
NDVI Analysis raster of Most Recent Multispectral Image 
Polygon Clip 
 
# Seperating merged minefield polygons to the original 
seperated form after NDVI Analysis geoprocessing  
v01_Multiple_Minefields_NDVI_Analysis = 
"C:\\01_Multiple_Minefields_NDVI_Analysis" 
v01_Multiple_Minefields_NDVI_Analysis__3_ = 
v01_Multiple_Minefields_NDVI_Analysis 
v01_Multiple_Minefields_NDVI_Analysis__2_ = 
v01_Multiple_Minefields_NDVI_Analysis 
 
LRMI_Minefield = "LRMinefield" # Clipped Least Recent 
Multispectral Image of minefield polygon 
LRMIMF_b1 = "LRMFMI_b1" # Band 1 of Least Recent 
Multispectral Image Polygon Clip 
LRMIMF_b2 = "LRMFMI_b2" # Band 2 of Least Recent 
Multispectral Image Polygon Clip 
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LRMIMF_b3 = "LRMFMI_b3" # Band 3 of Least Recent 
Multispectral Image Polygon Clip 
LRMIMF_b4 = "LRMFMI_b4" # Band 4 of Least Recent 
Multispectral Image Polygon Clip 
LR_NIRminRed = "Minus_LRMFMI1" # Raster difference of Near-
Infrared and Red spectral band 
LR_NIRminRedF = "Float_Minus17" # Float of raster 
difference 
LR_NIRaddRed = "Plus_LRMFMI_1" # Raster sum of Near-
Infrared and Red spectral band 
LR_NIRaddRedF = "Float_Plus_L1" # Float of raster sum 
Least_Recent_Multispectral_Image_NDVI_Raster = "LR_NDVI" # 
NDVI Analysis raster of Least Recent Multispectral Image 
 
# Seperating merged minefield polygons to the original 
seperated form after NDVI Classified geoprocessing 
v02_Multiple_Minefields_Classified_NDVI = 
"C:\\02_Multiple_Minefields_Classified_NDVI" 
v02_Multiple_Minefields_Classified_NDVI__2_ = 
v02_Multiple_Minefields_Classified_NDVI 
v02_Multiple_Minefields_Classified_NDVI__3_ = 
v02_Multiple_Minefields_Classified_NDVI 
 
Value___1000 = "1000" # Value used for multiplying NDVI 
values for conversion to integer 
 
MRNDVI_1000 = "Times_MR_NDV1" # Most recent multispectral 
image NDVI raster values multiplied by 1000 
MRNDVI_1000i = "Int_Times_MR1" # Most recent multispectral 
image NDVI multiplied by 1000 raster values converted to 
integer  
Most_Recent_Multispectral_Image_NDVI_Raster_Classified = 
"MRNDVI_C" # Classified NDVI of most recent multispectral 
image NDVI multiplied by 1000 raster values 
 
LRNDVI_1000 = "Times_LR_NDV1" # Least recent multispectral 
image NDVI raster values multiplied by 1000 
LRNDVI_1000i = "Int_Times_LR1" # Least recent multispectral 
image NDVI multiplied by 1000 raster values converted to 
integer 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d = "LRNDVI_C" # Classified NDVI of least recent 
multispectral image NDVI multiplied by 1000 raster values 
 
 
NDVI_Diff = "Minus_MR_NDV1" # Difference raster of two NDVI 
analyses 
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NDVId_1000 = "Times_Minus_2" # NDVI Difference raster 
multiplied by 1000 
NDVId1000_i = "Int_Times_Mi2" # NDVI Difference multiplied 
by 1000 raster converted to integer 
NDVI_Classified_Comparison = "NDVICC_" # Classified NDVI 
Difference multiplied by 1000 raster 
 
# Seperating merged minefield polygons to the orignial 
seperate form after NDVI Compare and Classify geoprocessing  
v03_Multiple_Minefields_Compare_NDVI = 
"C:\\03_Multiple_Minefields_Compare_NDVI" 
v03_Multiple_Minefields_Compare_NDVI__2_ = 
v03_Multiple_Minefields_Compare_NDVI 
 
# First Geoprocessing: Merge 
arcpy.Merge_management(Multiple_Minefield_Polygons, 
Merged_Minefield_Polygons, "") # Merges multiple minefield 
polygons from input  
 
# Second Geoprocessing: Clip 
# Clipping most recent multispectral image from minefield 
polygon 
arcpy.Clip_management(Most_Recent_Multispectral_Image, "0 0 
0 0", MRMI_Minefield, Merged_Minefield_Polygons, "0", 
Use_Input_Features_for_Clipping_Geometry__2_, "false") 
 
# Clipping least recent multispectral image from minefield 
polygon 
arcpy.Clip_management(Least_Recent_Multispectral_Image, "0 
0 0 0", LRMI_Minefield, Merged_Minefield_Polygons, "0", 
Use_Input_Features_for_Clipping_Geometry, "false") 
 
# Third Geoprocessing: Make Raster Layer 
# Seperating bands from most recent multispectral image 
contained within minefield polygons 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b1, 
"", LRMI_Minefield, "1") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b2, 
"", LRMI_Minefield, "2") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b3, 
"", LRMI_Minefield, "3") 
arcpy.MakeRasterLayer_management(LRMI_Minefield, LRMIMF_b4, 
"", LRMI_Minefield, "4") 
 
# Seperating bands from least recent multispectral image 
contained within minefield polygons 
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arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b1, 
"", MRMI_Minefield, "1") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b2, 
"", MRMI_Minefield, "2") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b3, 
"", MRMI_Minefield, "3") 
arcpy.MakeRasterLayer_management(MRMI_Minefield, MRMIMF_b4, 
"", MRMI_Minefield, "4") 
 
# Fourth Geoprocessing: NDVI Analysis 
# Algorithm for NDVI Analysis performed on most recent 
multispectral image contained within minefield polygons  
arcpy.gp.Minus_sa(MRMIMF_b4, MRMIMF_b3, MR_NIRminRed) # 
Raster Algebra Function: Minus 
arcpy.gp.Float_sa(MR_NIRminRed, MR_NIRminRedF) # Convert 
Minus result to floating-point 
 
arcpy.gp.Plus_sa(MRMIMF_b4, MRMIMF_b3, MR_NIRaddRed) # 
Raster Algebra Function: Plus 
arcpy.gp.Float_sa(MR_NIRaddRed, MR_NIRaddRedF) # Convert 
Plus result to floating-point   
 
arcpy.gp.Divide_sa(MR_NIRminRedF, MR_NIRaddRedF, 
Most_Recent_Multispectral_Image_NDVI_Raster) # Raster 
Algebra Function: Divide 
 
# Algorithm for NDVI Analysis performed on least recent 
multispectral image contained within minefield polygons  
arcpy.gp.Minus_sa(LRMIMF_b4, LRMIMF_b3, LR_NIRminRed) # 
Raster Algebra Function: Minus 
arcpy.gp.Float_sa(LR_NIRminRed, LR_NIRminRedF) # Convert 
Minus result to floating-point 
 
arcpy.gp.Plus_sa(LRMIMF_b4, LRMIMF_b3, LR_NIRaddRed) # 
Raster Algebra Function: Plus 
arcpy.gp.Float_sa(LR_NIRaddRed, LR_NIRaddRedF) # Convert 
Plus result to floating-point  
 
arcpy.gp.Divide_sa(LR_NIRminRedF, LR_NIRaddRedF, 
Least_Recent_Multispectral_Image_NDVI_Raster) # Raster 
Algebra Function: Divide  
 
# Split NDVI analysis of most recent multispectral image 
raster back into seperated minefield polygons 
arcpy.SplitRaster_management(Most_Recent_Multispectral_Imag
e_NDVI_Raster, v01_Multiple_Minefields_NDVI_Analysis, 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_A
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nalysis_Rasters, "POLYGON_FEATURES", "TIFF", "NEAREST", "1 
1", "2048 2048", "0", "PIXELS", "", "", 
Merged_Minefield_Polygons, "NONE", "DEFAULT", "") 
 
# Split NDVI analysis of least recent multispectral image 
raster back into seperated minefield polygons 
arcpy.SplitRaster_management(Least_Recent_Multispectral_Ima
ge_NDVI_Raster, v01_Multiple_Minefields_NDVI_Analysis, 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Analysis_Rasters, "POLYGON_FEATURES", "TIFF", "NEAREST", "1 
1", "2048 2048", "0", "PIXELS", "", "", 
Merged_Minefield_Polygons, "NONE", "DEFAULT", "") 
 
# Fifth Geoprocessing: Classify NDVI Analysis 
# Multiplies results by 1000 to give whole numbers to NDVI 
values and classifies based on three ranges of NDVI values 
arcpy.gp.Times_sa(Most_Recent_Multispectral_Image_NDVI_Rast
er, Value___1000, MRNDVI_1000) # Raster Algebra Function: 
Times 
arcpy.gp.Times_sa(Least_Recent_Multispectral_Image_NDVI_Ras
ter, Value___1000, LRNDVI_1000) # Raster Algebra Function: 
Times  
 
arcpy.gp.Int_sa(MRNDVI_1000, MRNDVI_1000i) # Convert NDVI 
Analysis values multiplied by 1000 to integer 
arcpy.gp.Int_sa(LRNDVI_1000, LRNDVI_1000i) # Convert NDVI 
Analysis values multiplied by 1000 to integer  
 
arcpy.gp.Reclassify_sa(MRNDVI_1000i, "VALUE", "-1000 94 -
1;95 195 0;196 1000 1", 
Most_Recent_Multispectral_Image_NDVI_Raster_Classified, 
"DATA") # Classifies raster values of NDVI Analysis into 
new raster based on classification ranges 
arcpy.gp.Reclassify_sa(LRNDVI_1000i, "VALUE", "-1000 94 -
1;95 195 0;196 1000 1", 
Least_Recent_Multispectral_Image_NDVI_Raster_NDVI_Classifie
d, "DATA") # Classified raster values of NDVI Analysis into 
new raster based on classification ranges  
 
# Split Classified NDVI of most recent multispectral image 
raster back into seperated minefield polygons  
arcpy.SplitRaster_management(Most_Recent_Multispectral_Imag
e_NDVI_Raster_Classified, 
v02_Multiple_Minefields_Classified_NDVI, 
Output_Base_Name_for_Most_Recent_Multispectral_Image_NDVI_C
lassified_Rasters, "POLYGON_FEATURES", "TIFF", "NEAREST", 
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"1 1", "2048 2048", "0", "PIXELS", "", "", 
Merged_Minefield_Polygons, "NONE", "DEFAULT", "") 
 
# Split Classified NDVI of least recent multispectral image 
raster back into seperated minefield polygons 
arcpy.SplitRaster_management(Least_Recent_Multispectral_Ima
ge_NDVI_Raster_NDVI_Classified, 
v02_Multiple_Minefields_Classified_NDVI, 
Output_Base_Name_for_Least_Recent_Multispectral_Image_NDVI_
Classified_Rasters, "POLYGON_FEATURES", "TIFF", "NEAREST", 
"1 1", "2048 2048", "0", "PIXELS", "", "", 
Merged_Minefield_Polygons, "NONE", "DEFAULT", "") 
 
# Sixth Geoprocess: Compare NDVI Analyses 
# Perform difference between NDVI analyses and creates new 
raster with classified ranges of change between the NDVI 
analyses 
arcpy.gp.Minus_sa(Most_Recent_Multispectral_Image_NDVI_Rast
er, Least_Recent_Multispectral_Image_NDVI_Raster, 
NDVI_Diff) # Raster Algebra Function: Minus 
arcpy.gp.Times_sa(NDVI_Diff, Value___1000, NDVId_1000) # 
Raster Algebra Function: Times 
arcpy.gp.Int_sa(NDVId_1000, NDVId1000_i) # Converts NDVI 
Difference multiplied by 1000 result into integer 
 
arcpy.gp.Reclassify_sa(NDVId1000_i, "VALUE", "-1000 -21 -
1;-20 20 0;21 1000 1", NDVI_Classified_Comparison, "DATA") 
# Classifies raster values of the difference between the 
two NDVI analyses into a new raster based on classification 
range 
 
# Split NDVI Compare and Classified raster back into 
seperated minefield polygons 
arcpy.SplitRaster_management(NDVI_Classified_Comparison, 
v03_Multiple_Minefields_Compare_NDVI, 
Output_Base_Name_for_NDVI_Compare_and_Classified_Raster, 
"POLYGON_FEATURES", "TIFF", "NEAREST", "1 1", "2048 2048", 
"0", "PIXELS", "", "", Merged_Minefield_Polygons, "NONE", 
"DEFAULT", "") 
